Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



t Ghneral Library ^ 

I UNIVERSITY or AMCtllGAN I 

t S 

ik ■ — 2 

iit PNEStNTID BT ^ 

jg iArn^/^T'T Pf^ Kjol^j^.^ % 

i moAftL If ,..r I 



THE UNIVERSITY 



GEOLOGICAL SURVEY 

OF 

KANSAS. 



Bv ERASMUS HAWORTH 



VOL. I. 




TOPEK,V. 

THE K,IN*S.VS STATE PRISTISG CO.; 

J. K. Hl-dhon, State PHnlcr. 



■f 






MEMBERS OF THE UNIVEBSIT7 GEOLOGICAL SURVEY. 



F. H. SNOW, 
Chancellor, and ex officio Director. 

S. W. WILLISTON, 
Department of Palaeontology. 

ERASMUS HA WORTH, 
Department of Physical Geology and Mineralogy. 

E. H. S. BAILEY, 
Department of Chemistry. 



• FOB VOLUME I. 

ERASMUS HAWORTH, Geologist. 
JOHN BENNETT, Assistant Geologist. GEORGE I. ADAMS, Assistant Geologist. 

M. Z. KIRK, Assistant Geologist. E. B. KNERR, Assistant Geologist. 

JOHN G. HALL, Assistant Geologist 



Dr. F. II . Snow J Chancellor of the University of Kansas: 

Sir — I have the pleasure of submitting to you the follow- 
ing report on tlie stratigraphy of the Carboniferous of Kansas 
and allied subjects, which will constitute volume I of the re- 
reports of the University Geological Survey of Kansas. 

Very truly, Erasmus Haworth. 



DBPABTMRNT of PHTHICAL (iBOLOOY AND MiNEBALOOT, 

Univermitt op Kanhah, November, 18^. 



CONTENTS. 



PAliE. 

Letter of Transmittal iv 

Preface 1 

Objectfi and Plans uf the University Geological Survey Organization 6 

Introduction 9 

CHAPTER I.- A Geologic Section from Galena to Wellington. By Geo. I. 

Adams 10 

The Mississippian Series 16 

The Cherokee Shales 18 

The Oswego Limestones 21 

The Pleasanton Shales 22 

The Altamont Limestone 22 

The Mound Valley Limestone 23 

The Independence Limestone 23 

The Thayer Shales 24 

The lola Limestone 24 

The Elk Falls Area 25 

The Flint Hills 27 

The Wellington Area 29 

Cieneral Section 20 

Addendum to Chapter I. -A Geologic Section across the Flint Hills 

along the Missouri Pacific Riiilway, beginning near Cedarvale and 

extending to Winfield. By C. N. Gould :30 

CHAPTER II. -A Geologic Section from Baxter Springs to the Nebraska 

State Line. By p]rasinus Haworth an<l John Bennett .'15 

The Mi.*?pi8sippian Limesttme 35 

The Cherokee Shales .37 

The Os\vHg<» Limestones 40 

The Pawnee Limestone 43 

The Pleasanton Shales 44 

The Erie Limestoni^s 45 



vi University of Kansas Geological Survey, 

CHAPTER U.— Concluded: 

The lola Limestones 47 

The Lane Shales 48 

The Garnett Limestones 49 

The Kansas City Section 50 

Section at Soldiers' Home 59 

Section at Atchison 65 

Section three miles above Doniphan Station and two miles south of 

Brenner Station 67 

Over the Divide 67 

Section at Iowa Point and along the Bluflf east of it 69 

CHAPTER IIL — A Geologic Section along the Neosho River from the Mis- 
sissippian Formation of the Indian Territory to Council Grove, Kas., and 

along the Cottonwood River from Wyckofif lo Cedar Grove. By M. Z. Kirk, 72 

A.— The Neosho River Section 72 

The Cherokee Shales 72 

The Oswego Limestones 73 

The Pleasanton Shales 74 

The Osage Mission Well 75 

The Erie Limestones 76 

The Thayer Shales 76 

The Chanute Well 77 

The lola Limestone 77 

The lohi Well 78 

The Carlyle Limestone 78 

The Lane Shales 79 

The (iurnett Ijinu^Htones 79 

The liiiwrence HhaloH 79 

The Hartford Limestone 80 

The Kiii|N)riu LliiieNtone 80 

The Aiiierlj'iiM LlinoHtniie, , . 80 

The ('nttniiwtHMl KiUlw IJinewtniii*. 81 

Huiniimry. , 81 

li. Thk CarniN Will Ml Ifi Mill HifrruiN, 82' 

IMimiiN Miitiiiil 82 

Tho (-iittiMiwtHNl Kiilln lihiinHtniie. 83 

Afitli'lliiiilH iihil H>in'lliiiil«. 84 



Contents. vii 

CHAPTER IV.— A Geologic Section along the Missouri Pacific Railway from 

the State Line in Bourbon County to Yates Center in Woodson County. By 

John Bennett 86 

Section at State Line 86 

Section at Fort Scott 87 

The Oswego Limestones 88 

The Pawnee Limestone 92 

The Pleasanton Shales 93 

The Erie Limestones 95 

The Thayer Shales 97 

The lola Limestone 97 

The Carlyle Limestone 98 

CHAPTER V. — A Greologic Section from the State Line opposite Boicourt 

to Alma, principally along the Osage River. By John G. Hall 99 

Conditions near the State Line 99 

The lola Limestone 101 

The Garnett Limestones 101 

The Lawrence Shales 102 

The Oread Limestones 103 

Systems above the Oread Limestones 103 

The Osage City Shales, Coal, and Limestone 104 

The Burlingame Limestone 105 

Systems above the Burlingame Shales 105 

CHAPTER VL — A Geologic Section along the Kansas River and its tribu- 
tary, Mill Creek. From Kansas City to McFarland. By John Bennett. . 107 

Section at Turner 109 

Section at Argentine 112 

The Lawrence Shales 113 

The Oread Limestones 114 

The Lecompton Limestones 116 

The Deer Creek System t 117 

The Topeka Limestone ' 117 

The Osage Shales and Coal 119 

Buffalo Mound 120 

Comparison of Buffalo Mound Section with Meek and Hayden's Sec- 
tion 122 

General Remarks on the Stratigraphy of the Section 123 

Addendum to chapter VL -A Section from Manhattan to Abilene. By 

Geo. 1. Adams 124 



viii University of Kansas Geological Survey, 

CHAPTER VII. — A Geologic Section from Coffeyville to Lawrence. By 
Erasmus Haworth 129 

Coffeyville 130 

Cherry vale 130 

The Thayer Shales 131 

The lola Limestone 132 

The Carlyle Limestones 133 

The Lane Shales 134 

The Garnett Limestones 135 

The Lawrence Shales 136 

The Oread Limestones 138 

Evidence of Deep Wells 138 

CHAPTER VIII.— A Geologic Section along the Central Branch of the Mis- 
souri Pacific Railway, from Atchison to Barnes. By E. B. Knerr 140 

CHAPTER IX. — Resume of the Stratigraphy and Correlations of the Car- 
boniferous Formation. By Erasmus Haworth 145 

Outlines of Stratigraphy 146 

A. — The Mississippian 147 

B. — The Coal Measures 150 

The Cherokee Shales 150 

The Oswego Limestones 151 

The Pawnee Limestone 153 

The Pleasanton Shales 153 

The Erie Limestones 154 

The Thayer Shales 157 

The lola Lirneston*^ 158 

The Carlyle Litm^Htone 159 

The Lane HhaleM 159 

The Giirnott lAiutmUmon 159 

The lifiwrenco Hhiili'W 160 

The ( )roui| lAttimUnwn 161 

()mif(n (!|ty and Murlitif(ton Hhiiles 162 

Tim WfitmutifM*«« Fortiiiiiinn 162 

Th»' iUf\UiuwiHH\ KhIIm liiiiinwtcinn. 164 

Thfi C(»ttoiiwiHMl HhnUm. 164 

( *\mnu'U*r\f^i\i*H nf tlio ( -onl Moawure Limestones 165 

( JhiinH'ti<rl»lJ»'» of th»» ( -onl Mnawuro Handst^ines 168 

C 'hiira<'t»*rl«lli'B nf I Im» ( 'nnl Monnnre Hlmles 170 



Contents. ix 

CHAPTER IX.—Concluded: 

Shales Principally Submarine in Origin 172 

Inclination of the Coal Measure Strata 173 

Faults in the Coal Measures 176 

Ratio of the Coal Measure Limestones to Shales and Sandstone. . . . 177 

Thickness of the Coal Measures 178 

Division of the Kansas Coal Measures 179 

C— The Permian 185 

The Lower Flint Beds 188 

The Upper Flint Beds of Hay, or Florence FJint of Prosser 189 

The Fort Riley or Florence Limestone 190 

Ratio of the Permian Limestone to Shales 191 

Inclination of the Strata in the Permian 192 

Faults in the Permian 192 

Greneral Resume 192 

Correlations with the Work of other Geologists 193 

CHAPTER X. — Physiographic Features of the Carboniferous. By Erasmus 
Haworth 195 

Elementary Considerations 196 

The Kansas Rivers 203 

Tributaries of the Kansas River 206 

Absence of Composite Topography along the Kansas River 207 

Life History of the Kansas River 208 

The Osage River 209 

Absence of Composite Topography 210 

The Pottawatomie River 211 

The Neosho River 211 

The Verdigris River 212 

Areal Topography 213 

The Flint Hills. . ; 216 

CHAPTER XI.— The Coal Fields of Kansas. ( Preliminary.) By Erasmus 
Haworth 218 

Areal Extent of Coal Fields 218 

The Geologic Position of the Coal Beds 221 

The Cherokee Shales 221 

The Pleasanton Shales 224 

The Thayer Shales * 225 

The Lawrence Shales 225 



X University of Kansas Geological Survey. 

CHAPTER XI.— Concluded: 

The Osage City Shales 226 

Resume of Stratigraphy of Coal 227 

Physical and Chemical Properties of Kansas Coals 227 

Commercial Value of^Kansas Coals 230 

Probable Future of Coal Mining in Kansas 230 

CHAPTER XII.— Oil and Gas in Kansas. (Preliminary.) By Erasmus 
Haworth 232 

History of Development 232 

Geographic Extent of Oil and Gas 235 

Geology of Oil and Gas 236 

Relation of Depth to Production 237 

Is the Mississippian Series Oil or Gas Producing? 238 

The Relation of Oil and Gas Production to Anticlinals and Synclinals, 239 

Physical and Chemical Properties of Kansas Oil and Gas 241 

Origin of Kansas Oil and Gas 243 

Probable Extent of Productive Territory 243 

Probable Future of Oil and Gas in Kansas 245 

CHAPTER XIII.— Surface Gravels. By Erasmus Haworth 246 

(Geographic Location of Gravels 246 

Previously Expressed Views 247 

Results of Present Investigations 251 

CHAPTER XIV.— The Coal Measure Soils. (Preliminary.) By Erasmus 
Haworth 256 

Greneral Principles 256 

Glacial Soils 259 

Kansas Soils 259 

Soil Fertilization 263 

Investigations Inaugurated by this Survey 268 

CHAPTER XV.— A Preliminary Catalogue of the Paleontology of the Car- 
boniferous of Kansas. By John Bennett 270 

Biological Classification 270 

Classified by Counties 283 



ILLUSTRATIONS. 



FIGUKES IN TEXT. 

PAGE. 

Pigure 1. Flint Hills Section 32 

2. Section at Argentine . . ^ 51 

3. Section at Atchison 66 

4. Section at Fort Scott, showing Concretions 89 

5. Section at Buffalo Mound 121 

6. Section at Fort Riley 127 

7. Division of Coal Measures ( after Keyes ) 183 

8. Division of Coal Measures ( after Keyes ) 183 

9. Erosion of Rivers, Longitudinal Section 196 

10. Erosion of Rivers, Cross Section 199 

11. Erosion of Uplands 202 



PLATES. 

( BoKiQuinK after Index.) 

Plate I. A Geologic Section along South Side of State. 
IL A Geologic Section along East Side of State. 
IIL A Geologic Section along Neosho River. 
IV. A Greologic Section along State Line to Y'ates Center. 
V. A Greologic Section along Osage River. 
VL A Geologic Section along Kansas River. 
VII. A Geologic Section from Coffey ville to Lawrence. 
VIII. A Geologic Section from Atchison to Barnes. 
IX. A Map of the Flint Hills. 
X. Figure 1. Oswego Well. 

Figure 2. Mound Valley Well. 
XI. Figure 1. Cherryvale Well. 

Figure 2. Neodesha Well. 
XII. Figure 1. Niotaze Well. 
Figure 2. Fredonia Well. 

(xi) 



xii University of Kansas Geological Survey. 

Plate XIII. Figure 1. Fall River Well. 
Figure 2. Chanute Well. 
XIV. Figure 1. Humboldt Well. 
Figure 2. La Harpe Well. 
XV. Figure 1. lola Well. 

Figure 2. Osage Mission Well. 
XVI. Figure 1. Mapleton Well. 

Figure 2. Pleasanton Well. 
XVII. Figure 1. PaolaWell. 

Figure 2. Topeka Well. 
XVIII. Figure 1. Kansas City Well. 
Figure 2. Doniphan Well. 
XIX. McFarland Well. 
XX. Leavenworth Well. 
XXI. Anthony Well. 
XXII. Greneral Section. 

XXIII. Mound one mile South of Cherryvale. 

XXIV. Mounds North of Cherryvale. 
XXV. Row of Mounds South of Cherryvale. 

XXVI. Hills West of Pleasanton. 

XXVII. Kansas River at Lawrence. 

XXVIII. Blue Mount, Manhattan. 

XXIX. Kansas River Bluffs West of Manhattan. 

XXX. Republican River and Blufif at Wakefield. 

XXXI. A Greologic Map of Kansas. 



PREFACE. 



The act of the Kansas Legislature in 1889 making appropriations 
for the current expenses of the State University included a pro- 
vision that a geological survey of the state should be one of the 
functions of the University. In 1895 the Board of Regents of the 
University, by special enactment, declared the State Geological 
Survey organized, and the Chancellor of the University was made 
its director, exofficm. Prof. S. W. Williston was placed in charge 
of the department of Paleontology, Prof. Erasmus Haworth of the 
department of Physical Geology and Zilineralogy, and Prof. E. H. S. 
Bailey of the department of Chemistry. Active operations along 
the line of a geological survey, however, were begun in the summer 
of 1893, under the direction of the department of Physical Geology 
in the University. Arrangements were made by which advanced 
students in this and other institutions might receive credit in the 
University for work done while engaged upon the survey. Mr. M. Z. 
Kirk, of Iowa, Mr. W. H. H. Piatt and Mr. C. E. McClung, students 
of the University, were put into the field for the summer. Mr. Kirk 
ran a section along the Neoslio river from the south line of the state 
to its source, and along the Cottonwood river to Clements, a report 
of which constitutes chapter III of this volume. Mr. Piatt did con- 
siderable areal work in tracing the outcroppings of certain forma- 
tions and in studying the conditions along the Verdigris river. Mr. 
McClung devoted a number of weeks to an investigation of the coal 
mining areas, principally in Cherokee and Crawford counties, and 
in the preparation of a map locating the various coal mining plants. 
This map has not yet been published, but has already had consider- 
able additions made to it and will ultimatelv form the basis of a 
mining map for the southeastern part of the state, to be published 
in volume III of tliese reports. The writer spent considerable time 
during the same summer in assisting the three gentlemen named 
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and in work of a general character in stratigraphy in the south- 
eastern part of the state. He also ran a section along the Santa Fe 
railroad from CofiPeyville to Lawrence, an account of which consti- 
tutes chapter VU of this volume. 

During the summer of 1894 much more work was accomplished, 
a larger number of men were engaged, and the area studied was 
greatly extended. Mr. George I. Adams devoted about 10 weeks to 
field work, during which time he ran a section along the south line of 
the state from Galena to Wellington, an account of which consti- 
tutes chapter I of this volume. The Rev. John Bennett, of Fort 
Scott, ran a section principally along the Marmaton river from the 
east line of the state opposite Fort Scott to Yates Center, and one 
from Kansas City to McFarland. The account of the former con- 
stitutes chapter IV of this report, and of the latter a portion of 
chapter VL Mr. Bennett also devoted a number of weeks to a 
study of the invertebrate paleontology of the Coal Measures, using 
materials from his excellent private collection, from the museums of 
the State University, and that gathered by the workers in the field. 
Portions of the information thus gained have been used in the differ- 
ent chapters just mentioned while the whole has been summarized 
in the form of a catalogue of fossils arranged first from the biologic 
point of view and next by counties, which constitutes chapter XV 
of this volume. It is exceedingly fortunate for the state that the 
services of Mr. Bennett were secured. For a long number of years 
he has been devoting such time as he could spare from his profes- 
sional duties to the study of the Coal Measure fossils, and is thor- 
oughly familiar with the Coal Measure fauna of Iowa, Missouri, 
Kansas, and the Indian Territory. 

During the same summer, Mr. John G. Hall ran a section along 
the Marais des Cygnes river from the east state line to Alma, inter- 
secting the section from Kansas City to the same point. The report 
of his work constitutes chapter V of this volume. Mr. J. Z. Gilbert 
also devoted a few weeks to field work, during part of which time he 
was assisting Mr. Hall, and part of the time assisting the writer 
with the section he ran from Baxter Springs to Kansas City along 
the line of the Kansas City, Fort Scott & Memphis railroad. 

With the enactment of the law by the Board of Regents of the 
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University formally organizing the University Survey it appeared 
that operations should be considerably expanded. An attempt was 
therefore made to unify the operations of the different geologists 
in the state who were hot connected with the University. At the 
same time the State Board of Irrigation asked this department to 
prepare a map of the state showing the areas under which there 
were grounds for a reasonable hope that water existed to a suffi- 
cient extent to be of importance in irrigation. The work was ex- 
panded so that a total of 12 assistants were placed in the field, some 
of whom were students of the University while others were not. 
Mr. Adams and Mr. J. H. Patton were placed in the southwest to 
study the stratigraphy and areal geology of that part of the state. 
In addition to his work Mr. Adams ran a section across the Permian 
from Manhattan to Abilene, a part of which forms the latter part 
of chapter VI of this volume. Mr. Walter Griffiths and B. L. Pampel 
were likewise placed in the northwestern part of the state. Mr. 
W. R. Crane was sent to the coal mining districts in Cherokee and 
Crawford counties to study the details of the stratigraphy of the 
Coal Measures, the mining operations and machinery, and to gather 
an extensive series of samples for chemical and physical examina- 
tions in the laborator3\ Of this number, Mr. Adams had become 
a graduate student in Princeton University, Mr. Patton and Mr. 
Griffiths were undergraduates, while Mr. Pampel and Mr. Crane 
were graduates of this University. In addition to these, Mr. Earl 
G. Swem, of Delhi, N. Y., was placed in the northeastern part of the 
state to study the glacial deposits and glacial phenomena; Rev. Mr. 
Bennett continued his stratigraphic work by running a section along 
the Missouri river from Kansas City to the Nebraska line, an ac- 
count of which will constitute a part of chapter II of this volume; 
Prof. E. B. Knerr, of Midland College, Atchison, ran a section from 
Atchison westward to the top of the Permian, the results of which 
appear in this volume as chapter VIII; Dr. 8. Z. Sharp, President 
of McPherson College, devoted a large portion of the summer to a 
study of the Dakotah Cretaceous,. during which time he traced the 
boundary between the Permian and the Dakotah from the north 
line of the state southward to a point opposite McPherson, and also 
ran a section along the Smoky Hill river the entire width of the 
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» 
Dakotah; Prof. J. H. Harnley. also of McPherson, likewise traced 

the boundary between the Dakotah and the Fort Benton formations 
from the north line of the state to as far south as Lincoln ; Mr. W. N. 
Logan, a student of the University, ran a section near the north line 
of the state from the Permian to the western boundary in Cheyenne 
county, and one along Smoky Hill river from the western side of 
the state to the eastern limit of the Fort Benton, in addition to 
which he did considerable detail work in the extreme northwestern 
part of the state in connection with the work done for the State 
Irrigation Board, and also continued the boundary between the 
Dakotah and the Fort Benton from Lincoln to the Arkansas river. 
Mr. M. Z. Kirk has devoted about two months to field work in con- 
nection with the study of salt and salt deposits of the state, a prob- 
lem which has been assigned to him for special investigation. It 
is hoped that we will soon be able to issue his report, probably as a 
part of volume III, giving a detailed account of the geology, chem- 
istry, and technology of the salt deposits and salt industries of our 
state. 

Dfiring the earlier part of this season the writer gathered con- 
siderable new information concerning the oil and gas deposits of 
the state, but later found it necessary to devote all of his time to 
a general supervision of the field work. This required extensive 
traveling all over the state and a more or less minute knowledge of 
the workings of each party and the detailed conditions surrounding 
them. He is, of course, to a great extent responsible for the results 
obtained and the conclusions reached by the individual assistants, 
but in no wise would he detract in the least from the value of their 
results, or the ability shown by each. It should be stated that in the 
organization of the survey as above mentioned it was contemplated 
that the work of the various assistants should be done without 
financial compensation, as no provisions have been made by the 
Legislature for such. Few, if any, instances can be found in the 
annals of America where so many able men have contributed so 
much of their time to the material development of their state. Our 
state as a whole is the gainer, but it should not forget their generous 
gift of time and ability. 

Finally, acknowledgments are made and sincere thanks returned 
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to the many persons not already named who have assisted in the 
preparation of this volume; to Chancellor F. H. Snow and the Board 
of Regents for their assistance and warm interest shown in the 
work, to the various companies and individuals who are prospecting 
for oil, gas and other products in various parts of the state and have 
in that way drilled deep wells all of whom have uniformly responded 
to my every request with great kindness and manifested the greatest 
interest and willingness to assist in the work undertaken; to the 
various railroad companies operating in the state, especially to the 
Atchison, Topeka & Santa Fe, the Chicago, Rock Island & Pacific, 
and the Union Pacific for assistance rendered; and finally to Miss 
Hattie M. Huntsman, Mr. R. W. Carter and Mr. H. H. Johnson for 
the skillful manner in which the many drawings were made that 
accompany the report. E. H. 

University of Kansas, November, 1895. 
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OBJECTS AND PLANS. 



By the orj^anization of a University Geological Survey of Kansas 
a full and complete geological survey of the state is contemplated. 
The work will necessarily have to be done with relative slowness, 
which may not prove to be a disadvantage. It is expected that it 
will be done by the members of the University faculty, their ad- 
vanced students, and other individuals, citizens of the state or 
otherwise, who are willing to give their time and energies to the 
state a few months of the year in assisting to carry on investigations 
interesting and scientific in character, and valuable in many ways 
in their results, the compensation for which is to be an increase in 
the knowledge of nature, an opportunity to study geology in the 
field, a medium of publication by means of which they may have their 
labors brought before the world, and a consciousness of having ad- 
ded a mite to the "increase and dissemination of knowledge among 
men." Since the University has opened a graduate department in 
geology and paleontology it may not be a vain hope that the Survey 
will help to build up these departments, and thereby produce a 
reactionary good in addition to those above named. 

It is contemplated by the Board of Regents that the interested 
departments in the University will severally be responsible, not 
only for the work accomplished under the departments, but for the 
degree of energy and zeal with which it is prosecuted. Each will 
therefore be expected to issue reports from time to time on the work 
done, reports covering greater or lesser subjects or natural divisions 
of the great science of geology. At the outset it was agreed by 
all that the investigations in general stratigraphy, areal boundaries, 
and allied subjects should be taken up first, after which other divi- 
sions should follow in natural order. 

The present little volume is the first result of the execution of the 
plans just outlined. It has been prepared by the Department of 

(6) 
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Physical Geology, only such features of Paleontology being used 
as seemed to be a necessary adjunct. It covers the whole of the 
Coal Measures and the Permian of the state, and is general rather 
than detailed, yet not generalized to any degree. That is, the 
various accompanying plates are all drawn to an exact scale, and 
represent conditions actually revealed on the surface or beneath the 
surface by deep borings. No "generalized*' or "composite" section 
is given excepting plate XXTI a generalized section of the Car- 
boniferous and figure 11 in the text. It is fortunate that the 
recent activity in prospecting for oil and gas in the state was 
begun prior to the organization of this Survey. We now have posi- 
tive knowledge regarding the underlying stratification for a large 
area in the eastern part of the state which otherwise could have 
have been known only by inference. 

A report of the work done the past summer for the State Board 
of Irrigation will appear under the auspices of that Board, but quite 
naturally a great deal of stratigraphic and general geologic data 
were gathered which can best be used by this Survey. It is hoped 
that by the close of another season we will be able to prepare a 
companion volume giving the stratigraphy of the Cretaceous and 
the Tertiary in a similar manner, a large portion of the material for 
which is already obtained. Considerable progress has likewise been 
made on a third volume to be devoted principally to economic ques- 
tions, including a detailed account of the geology, technology 
chemical and physical properties, and economic importance of the 
coal, oil, gas, salt, and gypsum of the state. This may very nat 
urally be followed by a report on the building materials, mineral 
paints, soils, mineral waters, etc., on all of which some work has 
been done, but not enough to admit the formation of definite plans 
regarding the report. The department of Paleontology has like- 
wise already accumulated large quantities of materials, so that 
within a year or two it will be able to issue a report on the paleon- 
tology of the state which, from every consideration will be an im- 
portant series of volumes. For as is well known, our state is 
exceedingly rich in both animal and plant remains. 

It cannot be decided what particular lines of detailed investiga- 
tions will be taken up after the general ones above mentioned shall 
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have been completed; possibly detailed descriptions by coun- 
ties, or by areas limited by latitude and longitude; possibly the 
policy will be to follow themes rather than areas. In any event it 
is proposed to be suflBciently deliberate to insure scientific ac- 
curacy, and yet sufliciently rapid to bring the important discussions 
before the citizens of the state with expedition so that benefits may 
be realized early. 

For the present at least the octavo volume will be the style of 
publication adopted. Bulletins, the recent form of overflow publi- 
cations so generally adopted in America, are unnecessary, because 
our University Quarterly, a regular publication, meets such require- 
ments. 

It should be remembered by the scientific reader that these re- 
ports are intended primarily for the masses of the citizens of Kansas, 
and that therefore an elementary character must be preserved, not 
however, it is hoped, at the expense of scientific accuracy. Divers 
elementary explanations must be given, and rudimentary principles, 
however well known to the scientist, must be elucidated, even to the 
frequent repetition of long used illustrations. But it is earnestly 
hoped this will not result in unnecessary repetitions, or in any other 
act which may give them a ^'padded" appearance. 



INTRODUCTION. 



In order that the general reader may the better understand the 
following chapters, a brief introduction to the general physiographic 
and geologic conditions of the state may not be out of order. Kan- 
sas is a part of the great plain stretching from the Mississippi river 
on the east to the Rocky Mountains on the west. It is approxi- 
mately 200 by 400 miles in extent, and should be looked upon as a 
block in the great plain, constituting an essential part of it but not 
specially different from other portions lying on either side of it 
The elevation above sea level of the eastern end averages about 850 
feet, with Bonita 1,075 feet, about the highest point, and Kansas 
City 750 feet at the Union depot, the lowest. The north and south 
boundaries have approximately the same elevation, although the 
increase in height is more rapid along the northern side from the 
Missouri river westward, while on the southern side the rapid in- 
crease in height does not begin until farther west. The lowest part 
of the state is the Verdigris river valley where it crosses the south- 
ern line. At the Missouri Pacific depot in Coffeyville the elevation 
is 734 feet, 16 feet below the Union depot at Kansas City. The 
southern line crosses the great ridge west of Independence, the 
Flint Hills, which lifts the elevation to over 1,700 feet, but it again 
declines westwards towards the Arkansas river to an elevation of 
only 1,066 feet at the Santa Fe depot in Arkansas City. From here 
to the southwest corner of the state the ascent is gradual, increas- 
ing slightly with the distance, so that for the western hundred 
miles across the whole of the state the eastern descent is from 7 to 
12 feet to the mile. The western boundary line varies slightly 
from north to south but is close to 4,000 feet above sea level, some- 
times being slightly more and again a little less. 

The drainage of the state is therefore to the east. Here and 
there an irregularity of surface will deflect the stream southeast or 

(9) 
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south, as the Verdigris river and the Blue river, or northeast, as 
with the Republican river through a part of its course, and the 
lesser tributaries to the Missouri in the northeastern part of the 
state. The streams usually have a considerable current due to the 
great incline of the surface as a whole which, from west to east, 
averages nearly eight feet to the mile for the whole state. Towards 
the eastern part of the state they have broad and level valleys filled 
in to from 20 to 60 feet with alluvial material, while in the far west 
some of them have scarcely reached base level. 

The general physiographic conditions of the state are not as reg- 
ular as is usually supposed. Although the surface is a great plain 
sloping eastward, its minuter topography is often varied and rug- 
ged; valleys 200 feet deep, bluffs and mounds with precipitous walls 
300 feet high, overhanging rocky ledges, and remnants of cataracts 
and falls in numerous streams giving a variety of scenery, are to 
be observed almost all over the eastern part of the state, and to 
even a greater extent in some parts of the west. The physiography 
of a country is dependent upon its geologic structure, so that we 
may begin physiography by a study of structural geology. 

The geologic structure of Kansas, when considered on a grand 
scale, is simple, but in detail often becomes complex and difficult. 
In the extreme southeast part of the state over an area not exceed- 
ing 30 square miles, dense limestones and interbedded chert rocks, 
with the residual products produced by their superficial decay, con- 
stitute all that is to be seen of the geologic formation. These lime- 
stones and cherts extend westward as far as prospecting with the 
drill has yet shown their presence or absence, constituting the fioor 
upon which rest all of the remaining parts of the rock formations of 
the state. Could we examine below this fioor we would find that 
it in turn rests on other rocky layers and they on others for a dis- 
tance of about 2,000 feet, at which place the penetrating drill would 
reach the solid granite or gneiss or shist below which no limestones 
or sandstones or shales could be found. But the limestone and flint 
beds above mentioned are the floor for the Kansas formations, 
and may well serve as a limit to our present investigations. In 
the eastern part of the state this floor universally dips to the west, 
the southwest or northwest, varying in places to a considerable 
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extent, but being moderately uniform, and the superimposed strata 
one above the other follow this inclination. This westward dip 
of the strata and the eastward dip of the surface serve to bring 
the succeeding strata individually to the surface like the ends 
of shingles in the house roof. As we pass westward the surface 
rises from the horizon but rises doubly fast from the limestone 
and cherty floor, so that could we dig a trench from the eastern line 
of the state westward following the surface of the floor, it would 
rapidly become deeper and in its walls would be exposed the suc- 
cessive layers of rock one above the other as they actually occur. 
But the westward sloping of the strata is not continued throughout 
the whole state. Scarcely has one-third of the distance been passed 
until the order is reversed. The eastern part has been influenced 
by the great inland swell of the Mississippi valley, the Ozark Hills, 
while the western part has been more mightily influenced by the 
great Rocky Mountain uplift Could we continue our trench west- 
ward to the western side of the state we might find that the lime- 
stone and cherty floor extended that far, but most probably long 
before that distance was reached it would pass into rocks of other 
character. Of this matter, liowever, we are in total ignorance, as no 
boring has yet been put down deep enough to throw any light on 
the subject; but the lines of stratification marked on the walls of 
our trench would change their direction and incline eastward in- 
stead of westward. 

The different rocky strata now found lying one above another 
were formed at different times. It is desirable as a matter of con- 
venience to assign names to the different time periods and to the 
different great divisions of the rock strata in order that we may con- 
verse intelligently about them. In the history of the rise of the 
science of geology we find different customs have been followed at 
different times and by different people, so that there has not been 
a perfect uniformity in the choosing of names for time periods or for 
rock formations. But as the science grows older this disparage- 
ment of usage will gradually grow less. In 1889 the United States 
Geological Survey* decided upon a certain series of names to be 
given to the great time periods, which in general correspond with the 

*Tenth Annual Report, Director U. S. Geol. Snrv., p. 65; Washingrton, 18U). 



mmt;*im *4 m^^iku^ tjext-U^^k matkitrt^ Uvt vkidL is a few fmrotm- 
f30m»L Ti0f} 4%ryS^ all %*^Ania^, time uito 11 inencds a»d ^v^ the 

''Tb^ Unrt 'fii^ iMXet^.* {period »bal] er/rer tbe time beginMiB^ witk 
f t«e Unrf )'>r mrm^m and frtmrinum^ until tbe pr€!ii»t. or tJkat wkkk 
in t-jpfutu^fuly *^IUt4 the QnatemarT.'' This was called the Plei»- 

""Tbe m-if'j/ftd peri^^d iiliall inelode the time diTisoBs Munetimes 
eall^ W%(ft'*fu^ and MuMrffue^ Its earlier delimitation shall be that 
Indi'^aied bv f^ale^^otolo^. and it« latter the first ke invasion of the 
I'Hirtr^^^ne: and iiJi deid^nation shall be Xeoeene." 

**nie third peri^^d shall be the Eocene. ... Its definition 
idiall 1^ fliat r-'/mnionlf' accepted br paleontologists and ^reolopsts 
ail deterwiin^fd bv fofisfl remains.*' 

**The fourth [jeri^id shall be the Cretaceoos. Its definition shall 
l#e tliat inducted bv paleontology and nsnallv accepted-"' 

**Tlie fifth fierir^d shall inclnde the time divisions known as Jn- 
rsumii: and Triassic. and shall be designated Jura-Trias. Its defi- 
nition shall lie by paleontology." 

**TTie sixth jieriod shall be Carboniferous, including the sub- 
division mmnfiinufn called Permian. Its definition shall be by pale- 
ontology," 

"Tlie Wfventh jieriod shall be the Devonian. Its definition shall 
Ik? tliat indicat*^! by i>ale<intologj' and usually accepted." 

*The eighth jH^riod shall include the time divisions sometimes 
styled L'pjMfr Kilurian and Lower Silurian and otherwise styled 
Hilurian and Ordovician. Its definition shall be by paleontology, 
;ind its dffsignafion shall be Hilurian." 

**The ninth period shall be designated the Cambrian. The defi- 
nitions of its upper limit shall be by paleontolc^y. . . . Its 
lower delimitation shall l>e the time of deposition of the lowest 
rocl<M thus far known to yield a well defined fauna." 

"The tenth [Hfrirxl shall be the time of deposition of plastic rocks 
older than the (-ambrian " 

The eleventh: "The oldest time division shall cover the time of 
fornuition of the ancient crystalline rocks, and its designation shall 
b«» Archaean." 

Of the above mentioned geological column, Kansas geology deals 
only with the Carboniferous and younger rocks excepting as we may 
penetrate far below the surface of the earth by drill or imagination 
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to consider those which lie beneath the great floor already men- 
tioned. The portion of the column above the Devonian is well rep- 
resented in our state. The little corner of crystalline limestone and 
chert in the southeast part of the state represents the lowest mem- 
ber of the Carboniferous, which was formerly called the Sub-Car- 
boniferous, but for which term Mississippian as suggested by Will- 
iams* has come into general use. Above, the Coal Measures proper 
are developed to a thickness of from 2,500 to 2,750 feet, and the 
Permian to the thickness of 795 feet Above the Carboniferous, over 
portions of the state, a small amount of Jura-Trias is found, while 
the Cretaceous is extensively developed over more than one-third 
of the state. Still above the Cretaceous, in the western part, cov- 
ering an area equalling nearly one-fourth of the state, a hetero- 
geneous deposit of sand, gravel, clay, soil and other loose materials 
occur in great abundance. This has generally been called the Ter- 
itary, yet it may yield to subdivision into the Eocene and Neocene 
to conform with the classificjition above quoted. In the north- 
eastern part of the state are extensive deposits of the glacial drift 
material which constitutes an important part of the Pleistocene, 
and again in the Tertiary area of the west the looser sands and 
gravels have unmistakably been worked over and modified in recent 
times, and soils and gravels have accumulated over other parfs of 
the state, so that the Pleistocene formations practically mantle the 
whole of our area. As this report is confined entirely to the differ- 
ent members of the Carboniferous formations, no attention will be 
given to the minuter classifications of the formations above it, 
while the subdivisions of the Carboniferous will be given in the body 
of the report. 

As the Carboniferous rocks are composed of alternating beds of 
limestones and shales, the latter of which frequently grade into 
sandstone, it has been deemed advisable in making the drawings 
for the plates illustrating the great sections, run in different direc- 
tions, to insert nothing but the limestones, leaving the blank spaces 
between for the shale beds with their included sandstones. The 
limestones are extensive and persistent, and may well be likened 
to great shelves placed one above another in the underlying portions 

• WiUiams: U. S. Geol. Surv., Bui. 80, p. i:«; Washin^fton, 1891. 
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of our HinUf. Could one tranHform the shale beds and sandstones 
into a transparent medium, by standing near the southeast comer 
of the state and lociking to the northwest one could see the limestone 
shelves reaching far back to the west dipping gently in the direction 
they extend dividing the volume considered into stratum above 
stratum of relatively thick shales and sandstones separated by the 
thinner limestones which, here and there, increase to double the 
normal thickni^s, but which have great lateral extent and are re- 
markably even and regular in comparison with their length and 
breadth. The eastern limit of these several shelves would gradu- 
ally progress westward from the bottom upwards. Were the sur- 
face uniform the limits or the outcroppings would be parallel lines. 
Hu^ with the river valleys cut deep into the surface and the high 
mounds and table lands constituting the ridges, it will readily be 
seen how the eastern limit of each individual shelf must necessarilv 
be a sinuous line, each, while trending from northeast to southwest, 
may be exceedingly uneven in direction. Wherever the limestone 
is reached, however, a greater or less escarpment is produced by 
the wearing away of the softer shales beneath, the height of which 
is usually dependent upon the thickness of the shale beds. When 
those become thinner, that is, when the shelves in our model ap- 
proach closer together, the escarpment becomes less and usually the 
outcropping is carried farther to the east; for the weathering agents 
can wear away a thick bed of shale that is capped with limestone 
more readily than it can a thin one. If we travel from the east 
towards the west, therefore^ we are cotistantly passing upwards 
from one shelf to another, from one escarpment to another, with the 
limestone shelves lying on top of each other. On the map, plate 
XXXI, an attempt has been made to represent this condition, by giv- 
ing a semi-perspective view of the block, Kansas, of the great Missis- 
sippian plan. On the south and east vertical walls are represented 
on which are traced the sections of the walls with the several lime- 
stone shelves above mentioned. On the surface of the map the 
southeastern outcropping of the same shelves are marked and the 
irregularities in the lines are produced as above explained, while 
wh(»n they approach nearer together it is always due to a thinning 
out of the shale bed between the two limestone shelves. 
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It has been thought best to give individually an account of the 
conditions observed along each line of section so that the reader 
may see and handle the evidence upon which the greater conclusions 
rest which will be brought in after these several detailed descrip- 
tions are given. 




CHAPTER I. 



A GEOLOGIC SECTION FROM GALENA TO WELLINGTON. 

BY GEO. I. ADAMS. 



The MisBisBippian Series. The Thayer Shales. 

The Cherokee Shales. The lola Limestone. 

The Oswego Limestone. The Elk Falls Area. 

The Pleasanton Shales. The Flint Hills. 

The Altamont Limestone. The Wellington Area. 

The Moynd Valley Limestone. General Section. 

The Independence Limestone. Addendum to chapter I. 

Geologic Section across the Flint Hills along the Missouri Pacific railway, 
beginning near Cedarvale and extending to Winfield, by C. N. Gould. 

This section begins at the state line in the eastern part of Galena- 
Here, the Mississippian or Sub-Carboniferous ore bearing limestone 
series is exposed and for a few miles to the west. The surface de- 
clines rapidly towards the west to Spring river, a distance of about 
three miles, beyond which it rises again slightly and reaches the 
Coal Measure formation about four miles from the state line. 

THE MISSISSIPPIAN SERIES. 

This series consists principally of a dense, crystalline limestone 
carrying excessive quantities of chert, or flint rock, which is very 
irregularly disseminated through it. In places it is partially com- 
posed of shale, but the limestone and chert are the characteristic 
constituents, as is abundantly shown throughout the lead and zinc 
mining region about Galena, Joplin, and other mining towns. 

The surface of the Mississippian series is quite irregular, indi- 
cating a long period of erosion between Mississippian and Coal 
Measure time.* This irregularity is shown in two ways. 

• Haworth : A Contribution to the GooIokv of the Lead and Zinc Mining? Districts of Chero- 
kee county, Kannas, 1H84. Transaction Kas. Acad. Sci., vol. 8, p. 13. Kansas Univ. Quar., vol. 
2, p. VM. 

Hay : Geologrical and Mineral Resources of Kansas, 1898, p. 5. 

(16) 
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At different places in the vicinity of Galena and further east, in 
Missouri, numerous risidual patches of Coal Measure rocks still 
exist. Some of them are preserved by hard superficial layers, but 
others owe their present existence to basins and valleys cut in the 
Mississippian rocks by erosion before the Coal Measure rocks 
were laid down. Into all such depressions the latter were deposited 
and have been protected sufficiently to preserve isolated patches to 
the present time. The opposition of this condition is noted in 
the hills or prominences of the Mississippian within the Coal Meas- 
ures and abundantly shown in many places near the eastern limit 
of the latter. A few of these will be mentioned. On the high 
jrround along the western line of section 7, township 33 north, 25 
east, a well only 23 feet deep reached the Mississippian, while 
numerous wells of about the same depth on much lower ground 
to the east did not pass through the Coal Measures. Along the 
north line of section 12, township 33 north, 24 east, an exposure of 
Ihe Mississippian covers two or three acres, while equally low 
ground to the east shows none of it. Six miles back from the 
boundary, or within five or six miles of Columbus, the Mississip- 
pian is exposed at the surface, or is reached in shallow wells over 
Jin area of four or five scjuare miles. The rocks here so closely 
resemble the ore bearing rocks at Galena, that on different occa- 
sions miners have spent considerable time here in prospecting for 
lead and zinc ores. It would therefore seem that here in Kansas, 
as in Missouri* and lowaf there exists a marked nonconformitv 
between the Mississippian and the Coal Measure, a nonconformity 
due principally to the surface erosion of the former before the latter 
was laid down. 

The surface of the Mississippian dips to the west along the line 
of this section at about 20 feet to the mile, liy referring to plate I 
it will be seen that the surface of the highest hills at the state line 
is about 975 feet above sea level. The deep well at Oswego reached 
the Mississippian at a point about 400 feet above sea level. The 
wells at Stover and Mound Vallev went to within 330 and 60 feet 



•Winslow: Missouri Geol. Rop. vol. 1, 1891. 
tKeye8 : Iowa Geol. Rep. vols. 1 and 2, 189:i-lS04. 
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• 

respective!}' of sea level without striking it ; while the one at Cherry- 
vale reached it at 180 feet below sea level. The distances to Oswego 
and Cherry vale are 27 miles and 54 miles respectively, with a dip of 
21.6 and 21.4 feet to the mile, or an average of 21.5 feet for each 
place. Other deep wells further to the north and west at Neodesha, 
Fredonia, Thayer, etc., give similar results. Still further west a 
well at Wichita was sunk 1,950 feet without reaching it. From the 
general inclination of the surface rocks it may be inferred that 
westward from the Verdigris river the dip gradually decreases, 
but as no deep wells are recorded which have reached the Missis- 
sippian nothing definite can be stated. 

Later in this chapter, in calculating the thickness of the Coal 
Measures, it is assumed that from Elk City west the inclination 
gradually decreases to about 10 feet per mile. 

THE CHEROKEE SHALES.* 

Immediately above the Mississippian lies the great bed of Cher- 
ok(H3 shales. This is by far the heaviest and most important shale 
bed in the Coal Measure area of the state. It is about 450 feet thick, 
as shown by borings at Oswego, Girard and Fort Scott. The bor- 
ings at Stover, Mound Valley, Cherryvale and Independence, all 
of which are drawn to scale on plate 1, show that it maintains this 
great thickness westward to a remarkable degree, probably under- 
lying the whole of the Coal Measures. 

The Cherokee shales contain many beds of sandstone which are 
extensively used for building and flagging stones. They contain the 
most extensive and valuable coal deposits in the state, both as 
regards amount and quality, and they also aiford the greatest 
quantity of oil and gas thus far obtained. At the base of the shales 
along the line of this section sandstone in relatively heavy layers 
is observable, limited in its westerly extent usually to not more 
than a mile in width. Wells at different places from one to three 
miles westward have passed entirely through the shales to the sur- 
face of the Mississippian without striking any sandstone whatever. 
Neither is the north and south extension of the sandstone very great, 
but it is believed that it can be found over about three-fourths of 
the area within the state. 



•Haworth and Kirk: Kausas Univ. Quar. vol. 2, p. 105; Lawrence, 1894. 
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About a mile west from the border line a thin vein of coal has 
been found in different wells, usually varying from three to six 
inches. In a few places, however, near the same horizon coal from 8 
to 10 inches thick has been found. This is particularly noticeable on 
the farm of Mr. C. W. Harvey, in the northeast fourth of section 13, 
township 33 north, 25 east. Further west other sandstone appears 
some of which seems to rest on or near the Mississippian surface. 
On the farm of Mr. Burrass in section 31, township 33 north, 25 east, 
a most excellent flap:ging stone is extensively quarried and used for 
sidewalks in Galena and other places. The limitations of this sand- 
stone cannot be given, for it grades into shale in all directions. 
The, highest portions of it reach perhaps 50 feet above the Missis- 
sippian, forming considerable ridges here and there in the otherwise 
almost level valley. 

Above and to the west of this sandstone area the shale thickens 
to about 150 feet, over which is a sandstone system which usually, 
as now observable, is from 10 to 20 feet thick. It has served as a 
protection for the soft underlying shale, so that the topography of 
the country is strongly modified. The steep hillsides and flat- 
topped mounds are common, resembling in general characteristics 
those further west similarly formed with limestone serving as a 
protection instead of sandstone. This range of hills and mounds 
finally developes into a broad plateau forming the highlands mid- 
way between Spring river and the Neosho with Columbus about 
on its highest part. 

A few feet underneath this sandstone a seam of coal is found 
in different places and has been mined locally in a dozen or 20 
banks in Cherokee county. It is usually from 12 to 14 inches thick 
Avhere mined, but thins out or entirely disappears so, that it is by no 
means continuous from bank to bank. 

Passing westwai'd from Columbus the high elevation of the 
country is maintained for eight or nine miles, from whence the sur- 
face gradually declines to the Neosho river valley. The sandstone 
beds which were so common east have entirely disappeared, so 
that there is nothing to cause any abruptness in the surface. This 
is well shown by the marked change in the character of the left 
bank of the Neosho river. Above the surface limits of the Cherokee 
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shales the river has pronounced banks or bluffs along the border 
of the river bottom. But as the Cherokee shales are approached 
the bluffs on the left bank entirely disappear, while those on the 
right are maintained several miles southward by the heavy beds 
of limestone of the Oswego system. 

The Weir City-Pittsburgh coal does not extend as far south as 
Columbus, neither is it reached in passing westward to Oswego, 
but it exists so short a distance to the north that it was thought 
best to represent it in the drawings, plate I. Other smaller coal 
seams do occur along the line and are shown in the Oswego well. 
Those which appear in the surface of the Neosho river are also rep- 
resented in this section, or in the drawings by Mr. Kirk, plate UL 

In the creek bottom two miles south of Oswego a compact buff- 
colored limestone is exposed which is about 18 inches thick where 
it is observed, but is reported as being thicker in the adjoining 
areas. Above it coal is mined in strip pits quite extensively, the 
vein being from 12 to 18 inches thick. Immediately overlying the 
coal is a dark-colored limestone which seldom exceeds 12 inches 
in thickness and is referred to in the language of the miner as a 
"cap-rock." The heavy bed of shale which supersedes this is best 
seen in the river bank northeast of Oswego at the wagon bridge. 
Interspersed with the light-colored shale is a varying amount of 
sandstone, and occasionally traces of calcareous matter hardly 
abundant enough to be called a limestone. Above this we have six 
feet of black bituminous shale, which immediately underlies the 
first important limestone found in this section above the Missis- 
sippian. Above this, which is the lower member of the Oswego 
limestone, is a four-foot bed of bituminous shale well exposed in 
the St. Louis & San Francisco railway within the city limits. These 
two shale beds of black shale are of stratigraphic importance. 
They are jet-black in color and strongly resemble coal in general 
appearance. Within them in great abundance one can everywhere 
find little spheroidal concretions from one-half to three-fourths of 
an inch in diameter, within which are often found little discina 
shells, fish scales, or other organic fragments which have served 
as nuclei around which the shale-forming material has gathered. 

The lateral extent of these black shales seems to be as great as 
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that of the associated Oswego limestone. They are very abundant 
in the environments of Fort Scott, on the high hills north of Pitts- 
burgh, the hills between Pittsburgh and Oswego and southward 
toward the boundary of the state. On account of their usually 
strongly-marked characters, they are a great help in recognizing the 
Oswego limestone. 

THE OSWEGO LIMESTONES.* 

Above the upper black shale, just described, lies the upper Os- 
wego limestone, so that the four-foot shale bed is between the two 
limestone systems. In the drawings, plate I, this intermediate shale 
bed is scarcely represented on account of its extreme thinness. 
These two limestone systems together have been called the Oswego 
limestone on account of their great prominence around Oswego, at 
which place they cover the surface of the country for miles around,, 
and cap the high bluffs on the west bank of the Neosho river. To 
the northeast the^' are found on the row of hills reaching towards 
Girard. Tlieir southeastern limit forms an exceedingly sinuous 
line, which passes about two miles to the north of Cherokee, half 
way between Girard and Pittsburgh, and reaches the state line not 
far from Mulberry. The valleys of the Drywood and Marmaton 
are cut through them into the Cherokee shales below, so that they 
are also found in many places in all directions from Fort Scott, 
where the lower system constitutes the Fort Scott cement rocks. 
On account of their prominence in this vicinity they might well be 
called the Fort Scott limestone, but as the former-mentioned name 
was introduced a year ago, it might be well to leave it for the pres- 
ent. 

On the summit of the hills north of Pittsburgh the Oswego lime- 
stone is a little more than 1,000 feet above sea level, while at Os- 
wego it is about 900. This would give it a dip in a southwest 
direction of about four feet to the mile. This is much less than 
the maximum dip. From Oswego they dip to the west, the upper 
one being exposed all along the railroad in cuts and ravines almost 
to Stover, where it disappears beneath the surface. The last place 
at which it was seen is in the quarry just west of Labette creek. The 

* Haworth and Kirk : Kansas Univ. Quar., vol. 2, p. 1U5 ; Lawrence, 1894. 



L*« 



k22 University of Kansas Geological Survey, 

well at Stover shows the upper one to be 21 feet thick, the lower one 
24 feet thick. By reference to plate I it will be seen that along 
the line of this section the dip is 21.5 feet to the mile, this probably 
being the line of maximum dip. The Oswego or Fort Scott systems 
limit the upper surface of the Cherokee shales. According to drill 
records in the various sections included in this report these lime- 
stones occur at a quite uniform distance above the Mississippian 
and extend with a remarkable persistence underneath the surface 
of the southeast portion of the state. Along this section they are 
shown in the wells at Mound Valley, Cherry vale, and Independence, 
as represented in plate I. 

THE PLEASANTON SHALES. ^ ' 

From Stover to Altamont the ascent of the surface is 76 feet in 
6 miles, the space being occupied by a shale bed which thickens to 
the northeast and becomes the important Pleasanton shales that 
have produced so marked an influence on the topography throughout 
the environs of Boicourt and Mound City.' 

THE ALTAMONT LIMESTONE. 

At the summit of the ridge at Altamont a limestone is found 
which takes its name from that place. It varies considerably, 
but is usually a rough stone not suitable for building pui^poses. 
The base of this system which overlies the heavy bed of shale is 
considered the upper liuiit of the Lower Coal Measures.* By ref- 
erence to plate I it will be seen that the correlation of the records of 
the wells at Cherryvale, Mound Valley and Stover is unsatisfactory 
as regards the systems which occur between the Oswego and Alta- 
mont systems. Further work nmy reconcile the various data which 
came to hand too late to be of service in the fteld-work, by showing 
that some of the limestone are exposed between Stover and Alta- 
mont but eluded discovery because of the heavy covering of soil. 
The Altamont limestone extends to the west, dipping gradually 
until it finally underlies Mound Valley, at which place the drill 
record shows it to be 12 feet thick. Further north it underlies the 
town of Parsons. 



♦Chapter IX, this RoiK>rt. 
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THE MOUND VALLEY LIMESTONE. 

Northwest of Mound Valley is a row of hills about 120 feet 
high which are part of a chain extending across the country from 
northeast to southwest, forming a bold escarpment. They are 
capped with a heavy limestone which is worn thin on its eastern 
margin, but thickens westward to 10 or 15 feet. On account of its 
prominence here it will be called the Mound Valley limestone. It 
dips to the west passing under the surface at Cherryvale. At 
Drum creek where it is exposed at the St. Louis & San Francisco 
railway bridge a five-inch seam of coal is seen immediately be- 
neath it. This system has a great lateral extent, underlying Cherry- 
vale, Mortimer and Galesbnrgh, and passing northwest towards 
Erie. 

THE INDEPENDENCE LIMESTONE. 

At Cherryvale the contour of the country is marked by a chain 
of hills which are peculiarly characteristic of the topography of 
southeastern Kansas. They have become separated from the bluffs 
and stand as isolated hills, with Drum creek passing between them 
and the bluffs to the west. They attain an altitude of about 100 
feet above the valley and are usually composed of a light shale con- 
taining a variable quantity of sandstone. They have all been origi- 
nally capped with limestone, which has protected them from 
erosion. Those which retain this protecting cap have nearly flat 
tops, while those from which it has been eroded have assumed the 
ordinary rounded summit. Tliey present all stages of degredation, 
from those with a well-preserved limestone cap to those from whose 
summits the limestone has been but recentlv removed, and finallv to 
those whose rounded domes show that the}' have long been deprived 
of such protection. On the sides of many of these which retain the 
limestone caps degredation is progressing so rapidly that vegetation 
can scarcely obtain a foothold. The chain of hills extends to the 
northeast, and includes the Bender mounds. Tracing the limestone 
system which caps them to the northeast of Cherryvale it is found 
to be about 10 feet thick and was last seen four miles south of 
Thayer where it is exposed in a wagon road. It probably underlies 
the Thayer coal field, and is the first system reached by the drill in 
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the vicinity of Neodesha. From Cherryvale it dips rapidly to the 
west, and across Drum creek presents a bold ledge. On the divide 
between Cherryvale and Independence the limestone is exposed 
over large areas and is weathered out in immense boulders. Fur- 
ther west it is covered with sandstone and shale. It is exposed in 
the bank of Mouse creek, and at Independence forms the west bank 
of the Verdigris river, measuring 40 feet thick at the wagon bridge. 
On account of its prominence here it may be called the Independence 
limestone. It is exposed in Rock creek, south of Independence, 
then disappears under the surface. The greatest dip of this system 
is in the direction of the section and is 17 feet to the mile, this being 
greater than any other dip westward along the entire route. 

THE THAYER SHALES. 

Overlying this system is a heavy bed of sandstone and shales. 
It includes the Thayer coal, the coal a few^ miles southeast of Neo- 
desha, the light vein mined south of Brooks and the coal in the hills 
Houtli of Independence. They all probably belong to the same hori- 
zon excepting the Keodesha, which has a lower position, but is in the 
same shale bed. The shales thicken and widen from Thayer to- 
wards the southwest, and the included sandstones become heavy 
and durable, furnishing good building material which can be ob- 
tained from many local quarries. At Thayer the shales are about 
100 feet thick. On account of their importance at that place in pro- 
ducing coal they have been named the Thayer shales. 

THE lOLA LIMESTONE. 

The Thayer shales are capped by a heavy limestone, which has 
been traced northeast and southwest to the borders of the state and 
is known as the lola limestone. It is first seen in this section cap- 
ping Table Mound six miles northwest of Independence. The size 
and importance of this mound as a landmark makes it worthy of a 
passing description. 

Table Mound is 225 feet above the Elk river, which bathes its 
western base and separates it by a narrow valley from the main 
bluffs. It owes its great height to the thickening of the Thayer 
shales which equal 250 feet in this vicinity. The summit which is 
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so level as to have suggested the name, Table Mound, has an area 
of about 400 acres. The sides of the mound except to the south are 
quite precipitous. On the north where the ledge of limestone is 30 
feet thick there are only two places where a man may descend. 
On the west and north it is well timbered, a number of cedars being 
interspersed with the usual Kansas forest trees. West of Table 
Mound the lola system is found on the bluffs above Crane creek, and 
the railroad in ascending the valley of Gordon creek gradually 
passes above it. At the summit of the divide a light shale super- 
sedes the System. It is not far below the surface on the descent to 
Elk City and is exposed in some places along the railroad. At Elk 
City the limestone has thickened to 112 feet according to the record 
of a drilled well on the bank of Duck creek. 

Before proceeding further with a description of the section, refer- 
ence should be made to the correlation of the drill records of the 
various wells along this part of the route which are published, 
drawn to scale, plates X to XIII, and to Mr. Bennett's section, 
plate IV, from Fort Scott west, which includes the Oswego system 
and reaches the lola system at Moran. It will be seen that in Mr. 
Bennett's section the distance between the outcroppings of the 
Oswego system and the lola limestone is 26 miles, and that the ver- 
tical distance according to the correlations is 600 feet, while from 
Oswego to Table Mound the distance is 50 miles and the drill would 
reach the Oswego systems at 950 feet below the lola. In other 
words the members of the Erie system found east of Bronson in 
Mr. Bennett's section are separated to the south by a thickening of 
the shale beds, in consequence of which the lines of their outcrop- 
pings diverge to the southwest. There can be little doubt but that 
the Independence, Mound Valley and Altamont limestone systems 
are the equivalent of the Erie system above mentioned, they having 
been traced for nearly the entire distance between the two sections. 

THE ELK FALLS AREA. 

Continuing the description of the section west and above the 
lola system, an area throughout which sandstone greatly predomi- 
nates claims our attention. In the hill just north of Elk City a thin 
limestone system is found 90 feet above the railroad track. The 
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same system is exposed in the river at Oak Valley. Here a second 
limestone system is found in the hills, but it is very light Further 
west it is exposed in the railroad cuts west of Longton, where it is 
not over two feet thick. It disappears two miles east of Elk falls. 
The shale beds carry heavy sandstone. At Longton, south of 
the river, a sandstone ledge has broken down into blocks five feet 
thick. Above this ledge the first important limestone system found 
above the lola is reached. Half way to Elk Falls it shows in a 
ledge on the north side of the railroad, and is at least eight feet 
thick at Elk Falls. It is quarried and produces a good quality of 
building stone. The sandstone below it is perhaps the more notice- 
able along the route. At Elk Falls the P^lk river descends nine feet 
over the more persistent portion of the ledge. It is from this fall 
of the river the town received its name. Above the limestone at 
this place another sandstone ledge is seen in the hills, and above it 
is a limestone system which develops into a bold ledge in the bank 
of Wild Cat creek. 

The presence of heavy shale beds and sandstones in this area is 
made the subject of greater interest when the following facts are 
taken into consideration. The record, drawn to scale on plate XII 
figure 1, of the well drilled at Niotaze, and the records of the wells 
at Peru and Sedan 20 miles south of the section, as well as a hasty 
study of the geology along the Missouri l^acific railroad in that vicin- 
ity, show that there are no heavy limestone systems exposed in that 
locality or reached by the drill by a depth of less than 750 feet. 
The widening of the sandstone area in passing from Colony to Le- 
Roy, Yates Center and Fredonia would indicate a thickening of the 
shale beds, but would not account for the sudden thinning out and 
disappearance in so short a distance of limestones as important as 
those found in the Cherryvale wells or the Fredonia well. Evi- 
dently a further study of this region and an extending of the field 
of observation into the border of the Indian Territory will be neces- 
sary before a satisfactory explanation can be given. 

At Moline a limestone system is exi)()sed just east of the town 
along the railroad in a quarry which furnishes material used for 
ballast. In passing over the hill to the west, which rises 200 feet 
above Moline, four limestone systems are found in ascending and 
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descending to Grenola. The lower one is quarried at Grenola for 
building stone. Under it in the bank of the Caney a 10-inch vein of 
coal is exposed. This is probably the equivalent of that mined fur- 
ther south at Leeds and is of about the same geologic horizon as the 
coal at Topeka or that of the Osage veins. 

THE FLINT HILLS. 

Grenola is situated at the eastern base of the Flint Hills, from 
which place westwardly they can be seen rising in even terraces 
to the height of 350 feet above the town, with Grand Summit, the 
highest point, five miles away. They trend in a general north and 
south direction, and occupy approximately the southern part of 
Chase county, the western border of Greenwood, Elk and Chautau- 
qua counties, and the eastern portion of Butler and Cowley coun- 
ties. Fall river. Elk river and Big Caney, which in turn are trib- 
utaries of the Verdigris, have their sources in the many small 
streams on the eastern slope of the Flint Hills. The streams on 
their western slope are the tributaries of the Walnut. The Cot- 
tonwood, a tributary of the Neosho, sweeps in a broad curve to the 
north around the head waters of these two river svstems. The di- 
vide between these several streams, with its uneven configuration, is 
known as the Flint Hills. Further north the same formations are 
cut through by the tributaries of the Kansas river and give rise to the 
terraced blulTs which are characteristic of the country around Junc- 
tion City and Manhattan. In the Kansas river territory, however, 
the sequence of rock systems is less rapid, each having a considerable 
lateral extent, so that the country rises gradually to the west rather 
than abruptly as in tlie Flint Hills. In the highest parts the Flint 
Hills are 1,550 feet above the sea level. The general direction of the 
ridge may be located on the map by the significance of the names 
of the towns of Flint Ridge, Summit, Beaumont and Grand Summit. 
In their southern portion where crossed by this section the valley of 
Grouse creek, extending in a general north and south direction, 
divides them into two ridges: the eastern are known as the Big Flint 
Hills, the western as the Little Flint Hills. See plate IX. 

The Flint Hills owe their characteristic contour wholly to erosion, 
there being no evidence whatever of a disturbance of the strata, all 
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of which now occupy nearly horizontal positions with a dip to the 
west of about 10 feet per mile. They are characterized by even ter- 
races and small canons and gulches. Along the top of the terraces, 
which are covered with scanty growth of grass, the various lime- 
stone systems are seen in i)arallel ledges, and are very conspicuous 
on account of their whiteness. Their eastern slope is more abrupt, 
partly because of the slight western dip, but principally because the 
great shale and sandstone formation already described which con- 
stitutes their eastern base contains a much smaller per cent, of lime- 
stone than the hills themselves, and therefore was much more rapidly 
carried away by erosion. Big Caney, which flows nearly parallel to 
the trend of the hills, has cut off a ridge of this material which may 
be compared to foothills, as shown in the section, plate I, from 
Moline to Grenola. 

The Flint Hills derive their name from the large amount of flint 
which is found over their surface. Nearlv all the limestones com- 
posing them contains some flint, and a few systems carry heavy 
seams of it. The weathering away of the solid portion of the lime- 
stone has left the included masses of flint strewn over the surface 
in such profusion that it seriously interferes with travel. The coun- 
try is principall}' used for grazing; however many good farms are 
located in the creek vallevs. 

Burden is the highest point geologically found along the route; 
Grand Summit exceeds it in altitude, however. From the differ- 
ence in altitude and geological horizon it will be seen that the 
average dip to the west is about 10 feet to the mile along this por- 
tion of the section. Further on the railroad rises over it again, then 
descends gradually to Winfield, following the course of Little Cedar 
creek. The ledges and terraces retreat to the north and south as 

• 

the railroad occupies lower ground. In this region the shale beds 
are lighter and limestone relatively more abundant. Crossing the 
Walnut river the ledge in the bluff is the last place at which an 
important limestone is seen along this section. Above it in the 
railroad cut, the soil changes from black to red and descending to 
the valley of the Arkansas it becomes sandy. Just west of Oxford 
some thin limestone is found in the ravines and at Wellington there 
is a system from which stone six or eight inches thick are obtained. 
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Beyond the limits of this section at Argonia, on the Chikaskia 
river, which is considered the eastern limit of the Red Beds, a sim- 
ilar stratum about six inches thick occurs. 

THE WELLINGTON AREA. 

At Wellington, in sinking a well in searching for coal, the drill 
reached a bed of rock salt at a depth of about 350 feet. This is the 
first place at which rock salt was discovered in Kansas. It prob- 
ably belongs to the same formation as that found further to the 
northwest in the vicinity of Hutchinson, Lyons, Kanopolis, etc. At 
Wellington the banks of Slate creek are composed of unevenly 
bedded light drab shale which is probably of Permian age. On top 
of this shale after it had been subjected to great erosion, beds of 
sand have been deposited, which probably are of recent age. The 
geology of this territory from the divide between the Walnut and 
Arkansas rivers is intimately connected with the salt deposits, and 
must be taken up in detail in the future work of tlie Survey. 

GENERAL SECTION. 

A general section of this route shows that the Cherokee shales 
which are exposed between Galena and Oswego are 450 feet thick. 
According to the drill records the vertical distance at Elk City from 
the upper surface of the lola system to the base of the Oswego is 
1,000 feet, the included limestone systems aggregating 825 feet. 
From Elk City west the thickness of the formations can only be 
estimated by surface indications and the general dip of 10 feet to the 
mile. Accordingly the vertical thickness above the lola system 
and below the Cottonwood Falls is about 1,200 feet. The limestone 
systems up to the section in the Flint Hills given in this article have 
a total thickness of about 80 feet, the sandstone greatly predomi- 
nating in this area. The limestone systems in the Flint Hill section 
aggregate 66 feet. Allowing for the thickening of the systems in 
the vicinity of Cambridge they will probably reach a total thick- 
ness of 100 feet. From the above data it will be seen that the total 
thickness of the Coal Measures and Permian along the line of this 
section is 2,796 feet of which 2,650 feet lie below the Cottonwood 
Falls system. The limestone systems aggregate 505 feet. The ratio 
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of the limestone to the total thickness is therefore about 1 to 5^ for 
the whole section above the Mississippian. 

ADDENDUM TO CHAPTER I. 

In connection with our study of the Permian in the southern part 
of the state Mr. C. N. Gould, of Maple City, Kas., has contributed a 
section along the Missouri Pacific railway from near Cedarvale to 
Winfield. This is an important addition to our knowledge of the 
Flint Hills. Crossing them as it does from 10 to 20 miles south of 
the foregoing section, we might reasonably expect the conditions to 
be somewhat different. As will be seen by reference to plate I, 
Gould's section contains much more limestone than is shown in 
Adams' section. A computation of the whole amount shows that 
along the Missouri Pacific railway more than half of the vertical 
distance as exposed along the surface is composed of limestone, 
while along the Santa Fe line a smaller portion of the entire mass 
of the hills is limestone. See figure 1, on page 32. The verbal de- 
scription of this section is taken bodily from Mr. Gould's letter. 
See also plate I. 

F. £1. 
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A Geologic Section across the Flint Hills along the Missouri 

Pacific Railway, beginning near Cedarvale 

and extending to Winfield. 

BY C. N. GOULD. 

NOTE. — The following section is to be accompanied by figure 1, next page, 
and plate I. The section begins at the bottom of the column as exposed at 
Cedarvale and refers to the successive formations in ascending order until 
Winfield is reached. 

SEC. I. — Two layers ^acli 5 feet thick of cross-bedded, fine- 
grained sandstone colored with iron. No fossils discovered. 

8EC. II. — Several massive beds of limestone 1 to 5 feet thick, 
not well exposed. Upper layers shaly and containing flint and 
chert. Fossiliferous. Many FusiUna cylindrica in flint. 

SEC. III. — Finely laminated shale shading from yellow to blue 
and green, probably glauconitic. Barren. 

Massive limest<me. 

Finely laminated shale, arenaceous above. Barren. 

Massive limestone very fossiliferous, corals, crinoid stems, Fusi- 
Una cylindrica. 

Finely laminated shale; barren. 

Massive limestone, very fossiliferous; crinoid, Spirifer sp., Fusi- 
Una cyUndrica, Productv^ nebrascensis, and broken shells. 

Twenty-five feet of yellow shale grading into spongy rotten lime- 
stone; barren. Dendritic markings and calcite crystals near the 
seams. 

SEC. IV. — Massive limestone 1^ feet. Shale 1 foot. Limestone 
i foot, and shale 2 feet. 

SEC. V. — Three layers cherty limestone, very fossiliferous; cal- 
cite, FusiUna cylindrica, crinoid and a univale. 

SEC. VI. — Fine shale; barren. 

Two layers (1 and l-O) of massive limestone with a 6-inch layer of 
shale between. 

Twenty-five feet of shale. 
Five feet of nuissive limestone. 

SEC. VII. — Twenty feet of hackly limestone much broken in all 
directions, and cherty especially toward the top of the beds. Cal- 
cite crystals marked; very fossiliferous, FusiUna cylindrica. 

Two fayers of massive limestone. 

SEC. VIII. — Three feet of shale; 2 feet massive limestone; 4 
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feet of shale; 1 foot of massive limestone; 8 feet calcareous shale, 
Chenates abundant; slightly cherty limestone. 

SEC. IX. — Ten feet of shale blue and yellow; 17 feet massive 
and shaly limestone, fossiliferous; 10 feet of shaly limestone. 

SEC. X. — Five feet layer of limestone with a layer of blue shale; 
15 feet massive limestone with two layers of green glauconitic shale. 

SEC. XL — Yellow to drab shale and shaly limestone, very fossilif- 
erous, Productus nehrascensis, Myalina permiana, Myalina kansensis, 
Athyris subtilita, crinoid, Aviculopecten occidcntalis, Pseud omonot is 
haicni, Lamellabranchs. 

Two layers massive limestone, 1 foot. 

Red clay shales, barren, 4 feet. 

Massive limestone, 1 foot. 

Red clay, barren, 4 feet. 

(ireen and blue shale, 6 feet. 

SEC. XII. — Massive limestone. Green shale. Massive lime- 
stone with flint and fossils. Red clay shale, barren. Massive lime- 
st(me. Clav shale, red. 

SEC. Xin. — Red sandstone No. 2 near top of hill at Hooser; 
sandstone much oxidized, cross-bedded; no fossils. 

SEC. XIV. — This section appears in part at the top of the hill 
at Hooser but is better studied west of Grouse creek, two miles 
northwest of Dexter, Kas., at a cut known locallv as "The Sliding 
Bluffs." 

Red and blue shale. 

Rather shaly limestone; most fossiliferous stratum found: Derhya, 
Productus nebrasceiisis, and Productus semireticulatus. Pinna allar- 
isma, Aviculopecten occidentalism Myalina permiaiui, Myalina kansensis, 
crinoids, Athyris subtilita, lamellibranchs and univalve. 

Six feet of massive limestone with flint nodules. 

{a) Stratum with a very peculiar non-calcareous nodular concre- 
tion, brown, showing oval rings wherever broken. 

Three feet of massive limestone with flint. 

[h) Six-inch bed of calcareous nodular concretions much resemb- 
ling those in (a) but calcareous and smaller. 

Massive liuiestone; common fossils. 

SEC. XV.— Five feet red clav. 

Rotten shaly limestone; fossiliferous. 

MassiA'e limestone. 

Rotten limestone. 

Massive light-gray limestone with flint nodules; upper flint beds, 

SEC. XVI. — Thin-bedded hard blue and gray limestone, very 
—3 
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persistent; barren. The commercial building stone of Cowley 
countv. 

ft 

Gray shale. 

Massive limestone. 

Shale at surface near Eaton, Kas. 

The 14-foot layer at the bottom of section XVI can be traced across the 
countr>' to Winfield. It supplies the building material for Winfield and is 
extensively quarried at different points in the county. 

Thin-bedded blue and gray limestone exj)osed in bed of river be- 
low dam. same as exposed near Eaton. The building stone. 

Unexposed. 

Greenish vellow rotten limestone. 

Verv hard massive limestone. 

Shale, greenish yellow oxidizing on exposure to air giving a red 
color to many slopes in vicinity. 

Finely laminated massive limestone with many small nodules (i 
to 1 inch) inclosing a crystal as fossil. 

Greenish yellow shale, barren. 

SEC. XVII. — Kugged massive limestone, very persistent, forming 
cap of many hills and knobs east of the Walnut; not laminated but 
verv fossiliferous: crinoid stems. Pinna aechaeacidale, Brvozoa, cor- 
als. So different from neighboring rock that I make it a section. 

SEC. XVlll. — Blue shaly limestime, fossiliferous; Productus 
Athyris, Aviculopecten, etc. 
Massive limestone; barren. 
Fossilifei'ous shale and limestone. 
Unexposed. 
Massive limestone. 
Unexposed. 

Thin-bedded massive limestone quarried at Arkansas City. 
Shale to top of hill. 
Dakota sandstone. 
Tertiary conglomerate. 

Section XVIII was made on the east slope of the Walnut at Ar- 
kansas City. S(mie five miles northwest of the city I found several 
patches of dark-brown sandstone which Professor Hay takes to be 
Dakota. At the end of the Geuda Springs bridge, five miles north- 
west of Arkansas City, is a good exposure of Tertiary grit. West 
of the Arkansas are several exposures of black and blue shale along 
certain ravines, but I have never tried to estimate the thickness. 
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A OEOLOOIC SECTION FROM BAXTER SPRINGS TO THE 

NEBRASKA STATE LINE. 

BY ERASMUS HAWORTH AND JOHN BENNETT.* 



The Mississippian Limestone. 

The Cherokee Shales. 

The Oswego Limestones. 

The Pawnee Limestone. 

The Pleasanton Shales. 

The Erie Limestone. 

The lola Limestone. 

The Lane Shales. 

The Garnett Limestone. 



The Kansas City Section. 

Section at Soldiers' Home. Fig. 4. 

Section at Atchison. Fig. 5. 

Section three miles above Doniphan 
station and two miles south of Brenner 
station. Fig. 6. 

Over the Divide. 

Section at Iowa Point and along on 
the bluff east of it. Fig. 7. 



THE MISSISSIPPIAN LIMESTONE. 

Baxter Springs rests upon the Mississippian, or Sub-Carbonife- 
rous ore-bearing series. This series is of undetermined thickness. 
Jenneyt has estimated it at about 300 feet. A deep well at Girard 
penetrated to a depth of 350 feet and seems not to have gone through 
it; one at Cherry vale penetrated it to a depth of 220 feet without 
going through it; the artesian well at Fort Scott went nearly 250 
feet into it apparently without going through it. An accurate 
record of the deep well at Paola has not been published and perhaps 
never can be obtained in reliable form. The well represented in 
the drawings for this section, plate 11, entered the Mississippian 
only about 20 feet, and the one at Kansas City a less distance. Five 
wells have been drilled at Pittsburgh, each of which perhaps passed 
entirely through the Mississippian formation, but no careful record 

*The first part of the chapter to Kansas City is by Professor Haworth, the remainder by 
Mr. Bennett. 

fLead and zinc doposit^ of the Mississippi valley. Trans. Am. Inst. Mining Eng., 18(0, p. 55. 

(35) 
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of which now occupy nearly horizontal positions with a dip to the 
west of about 10 feet per mile. They are characterized by even ter- 
races and small canons and gulches. Along the top of the terraceSy 
which are covered with scanty growth of grass, the various lime- 
stone systems are sei?n in parallel ledges, and are very conspicuous 
on account of their whiteness. Their eastern slope is more abrupt, 
partly because of the slight western dip, but principally because the 
great shale and siindstone formation already described which con- 
stitutes their eastern base contains a much smaller per cent, of lime- 
stone than the hills themselves, and therefore was much more rapidly 
carried away by erosion. Big Caney, which flows nearly parallel to 
the trend of the hills, has cut off a ridge of this material which may 
be compared to foothills, as shown in the section, plate I, from 
Moline to Grenola. 

The Flint Hills derive their name from the large amount of flint 
which is found over their surface. Nearlv all the limestones com- 
posing them contains some flint, and a few systems carry heavy 
seams of it. The weathering away of the solid portion of the lime- 
stone has left the included masses of flint strewn over the surface 
in such profusion that it seriously interferes with travel. The coun- 
try is principally used for grazing; however many good farms are 
located in the creek valleys. 

Burden is the highest point geologically found along the route; 
Grand Summit exceeds it in altitude, however. From the differ- 
ence in altitude and geological horizon it will be seen that the 
average dip to the west is about 10 feet to the mile along this por- 
tion of the section. Furthf^- on the railroad rises over it again, then 
descends gradually to Winfleld, following the course of Little Cedar 
creek. The ledges and terraces retreat to the north and south as 

• 

the railroad occupies lower ground. In this region the shale beds 
are lighter and limestone relatively more abundant. Crossing the 
Walnut river the le<lge in the bhilT is the hist place at which an 
important limestone is seen along this section. Above it in the 
railroad cut, the soil changes from black to red and descending to 
the valley of the Arkansas it becomes sandy. Just west of Oxford 
some thin limestone is found in the ravines and at Wellington there 
is a system from which stone six or eight inches thick are obtained. 
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seem there can be no relation between the Mississippian limestones 
and those above the shales. From Kansas City to Leavenworth the 
direction is changed to one almost at right angles with the boundary 
between the Coal Measures and the Mississippian, so that we would 
expect to have almost the maximum dip. In a distance of 22 miles 
there is a dip of 390 feet, or 18.2 feet to the mile, which is nearly 
equal to the westerly dip of the surface of the same series from 
Galena to Cherryvale, which has been shown to be about 21 feet to 
the mile. 

THE CHEROKEE SHALES. 

Immediately above the Mississippian are the Cherokee shales and 
sandstones, the lowermost portion of the Coal Measures. Less than 
a mile to the west of Baxter Springs is a series of sandstone cov- 
ered hills from 50 to 75 feet high, the main body of which is princi- 
pally shale, but which here and there has considerable sandstone 
interbedded with it. Such hills are irregular in their position, 
indicating a lack of regularity in the protecting sandstone covering. 
One circular hill about six miles to the west is particularly promi- 
nent, as it is entirely surrounded by a broad valley of erosion with 
the hill nearly 150 feet high standing alone in the center. The sand- 
stone on the summit of this hill may or may not be the equivalent 
of that nearer Baxter Springs. Passing northward tow^ards Co- 
lumbus the sandstone and shale alternate wuth such frequency that 
one is entirelv unable to trace the former anv considerable distance. 
That near Baxter Springs may with question be correlated with the 
sandstone on top of the hills ^ast of Columbus, and on which Co- 
lumbus rests. The section from Baxter Springs to Columbus, if 
represented in great detail, would well illustrate the utter futility 
of using sandstones within the ( -herokee shales as important strati- 
graphic factors; for not even one of them below the Columbus 
sandstones, numerous as they are, can be traced very far until it 
gradually cluuiges into arenaceous shales, and finally into shales 
of the ordinary type. 

At the altitude of Columbus, or about 200 feet above the Missis- 
sippian, we find a heavy sandstone deposit which is tolerably per- 
sistent towards the east for seven or eight miles, forming the upper- 
most portion of the highlands and hills to the east, almost to Crest- 
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line, a station eight miles east of Columbus on the St. Louis & San 
Francisco railway. This system of hills is well represented in the 
section along the south line of the state, plate I, as are also the 
various coals occurring in the Cherokee shales below the Columbus 
sandstones. 

Passing northward from Columbus nothing of special interest 
is found until the Weir City-Pittsburgh coal is reached, about 
four miles north of Columbus. The roofing for the coal is shale, so 
that no topographic features mark the outcropping, and the weath- 
ering has produced so heavy a soil covering that the outcropping 
can only occasionally be seen. This coal is the heaviest and most 
important of an}^ in the state. Its southeastern limit is a sinuous 
line trending northeast to southwest approximately parallel to the 
boundary between the Coal Measures and Mississippian. In the 
early days of mining the stripping process was principally employed. 
This located a number of mining villages along the line of outcrop- 
ping, which, in turn, attracted the diflferent railroads. Both these 
causes, in connection with the desirability of shallow shafts when 
shafting became necessary in the mining operation, have contrib- 
uted to building the principal mining towns along this northeast 
and southwest line. The coal extends to the northwest much far- 
ther than mining operations have progressed, but the limit of work- 
able coal is soon reached, as is shown bv the well at Girard and 
many other prospecting drill-holes which have been made from time 
to time. The belt of workable coal seems to be a strip from five to 
ten miles wide reaching from beyond Mulberry on the northeast 
almost to Hallowell on the southwest. The exact definition of the 
area can only be determined by the most extensive prospecting 
with the drill, or by shafting, a process so expensive that this Sur- 
vey could not begin it. Such prospecting has been done to a consid- 
erable extent b^- the different mining companies and landowners, 
sufficient to justify the above statement of limitations, but not suf- 
ficient for giving details along the borders. 

The coal averages about 40 inches thick where mined, but 
over considerable areas within the mining district it is only from 
24 to 3G inches in thickness, while in other places it considerably 
exceeds 40 inches. On the whole it is a remarkablv uniform coal 




Ha WORTH.] A Section from Baxter Springs to Nebraska, 39 

deposit, both in thickness and quality. Few coal beds are known 
in America with equal areal extent which are as uniform in qualiity 
and quantity as this. 

The coal beds dip to the west and northwest, quite irregularly 
over small areas, but approximating the dip of the surface of the 
Mississippian for long distances. In some places the dip for a 
short distance is as great as three or four degrees, or 275 to 365 
feet to the mile. But such steep inclinations are usually followed 
by lesser ones, or by actual reversals, so that the general average 
is brought down to about 20 to 21 feet to "the mile. 

The mining operations have revealed an important condition 
which perhaps is always concealed from view at the surface, namely, 
the slight Assuring and faulting of the strata. The so-called "horse- 
backs" of the miner are variable in character. One type consists 
of a fissure formed in the coal and shales, both above and below, 
long after the coal was formed, which has since been filled with clay 
from the walls of the fissure in the overlying shales, or by the *^creep- 
ing'' of the clay beneath. Huch fissures have been formed from one to 
five or more feet wide, eitlier with or without vertical displacement. 
When displacements occur they usually are from G to 12 inches, 
but occasionallv reach two or three feet. In some cases small 
fragments of coal have been found imbedded within the clay filling, 
as though it hjid fallen in during the filling process. Also the line 
of fracture is rarely straight through the coal, but the irregularities 
on one side generally correspond quite well with those on the 
other. Many of the fissures are only partially filled with the clay. 
One was noticed at Weir City which extended unfilled upwards into 
the roof for 10 or 15 feet, as could plainly be seen while standing in 
the driveway of the mine. There can, therefore, be no doubt but that 
the fissuring and faulting was done long after the solidification of 
the coal, possibly during the period of the production of similar 
fissures and faults in the lead and zinc mining districts to the south 
east.* 

The Cherokee shales have a few thin, irregular limestone beds 
within them. Onlv one of them has suflicient thickness or lateral 
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extent, as developed at the surface, to be of any importance strati- 
graphically. This one lies 75 feet below the upper limits of the 
shales, and is from two to five feet thick. According to the reports 
obtained from Mr. W. E. Turkington, of Cherokee, Kas., a gentle- 
man of wide experience in prospecting with the diamond drill, it 
is varied in its occurrence. He reports that in many wells, espec- 
ially those to the northwest, it is not found. At Oswego it is about 
three feet thick. It is visible in a number of different places to the 
northeast of Oswego, is plainly to be seen in a ravine half a mile to 
the west of Cherokee, and should be about 20 feet under the sur- 
face in the town. But Mr. Turkington reports that it is not, nor is 
it met with to the south, as he has determined by many drilled wells. 
In the drawing, plate II, it is represented as first appearing to the 
south of Cherokee. This was done in order to place it at the proper 
height vertically. In the vicinity of Fort Scott two or niore small 
limestone formations occur near the same vertical position, but 
there is great uncertainty about correlating it with either of them; 
for it may well be questioned whether so thin a limestone system 
would have so great a lateral extent. Yet it should be noticed 
that in the other wells to the north, even as far as Kansas City, 
more or less limestone is found at about the same geological hori- 
zon, indicating that at this particular period more or less limestone 
was formed almost all over the Coal Measure area. 

The total thickness of the Cherokee shales along the east line of 
the state may be given at 450 feet, although they are not entirely 
uniform. At Girard the drill record shows them to be 446 feet; 
at Fort Scott they are a little less than 425 feet; at Pleasanton they 
are full 440 feet; at Paola they have thickened to nearly 750 feet, if 
we may credit the record of the city well, the most reliable of any 
record available; at Olatlie their thickness is unknown. The well 
represented in plate If evidently did not reach the Cherokee shales 
at all. At Kansas Cit}' they have a thickness of 420 feet, and at 
Leavenworth the}^ are full 540 feet. 

THE OSWEGO LIMESTONES. 

First above the Cherokee shales lie two limestone systems so 
close together that they may well count as one. They occur prom- 
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inently at Oswego, and have been called the Oswego limestone. 
From Oswego their outcropping extends northeast, passing about 
two miles north of Cherokee, half way between Girard and Pitts- 
burgh, and capping the high hills between Pittsburgh and Engle- 
vale, from whi<-h they pass to beyond the state line. To the 
northwest of the line of outcropping they cover nearly all the sur- 
face for a distance of 8 or 10 miles, the highest hills only being 
capped with a limestone occupying a higher position, while the 
lowest valleys may lie partially or wholly within the Cherokee 
shales. In this way they extend northward to Fulton, beyond which 
they pass below the surface to be seen no more along the line of this 
section. The character of the Oswego limestone as seen in the en- 
virons of Oswego has already been given by Adams in chapter I of 
this Report. They maintain this character with wonderful per- 
sistency in all directions. At Girard the lower one is 18 feet thick 
and the upper one 14 feet thick, and are separated by only four feet 
of black bituminous shale. At Fort Scott they are exposed over 
several square miles of surface. Here the lower one is a little over 
five feet thick and constitutes the "cement" rock from which the 
Fort Scott hydraulic cement is so extensively manufactured. Above 
the **cement" rock the shale is seven feet thick, and includes a thin 
seam of coal of three or four inches in thickness. Above this 
comes the upper Oswego system which is 10 feet thick. Imme- 
diatel}' below the cement rock the shale is likewise very black and 
bituminous for a distance of ll.feet, immediately below which is the 
Fort Scott "red" coal with an average of about 13 or 14 inches in 
thickness at this place. The Oswego limestones are therefore asso- 
ciated with the two beds of jet-black shale, the one below and the 
other between the two. These shales have such marked character- 
istics that they are of great assistance in recognizing the limestone 
series. They also have great lateral extent, reaching all the way 
from Girard to Fulton without any perceptible change in their 
characteristics. Mr. Bennett has described them in considerable 
detail along with the Fort Scott coal and the two limestone systems 
as they occur at Fort Scott in his description of a section from Fort 
Scott to Yates Center given in chapter IV of this Report. 

Regarding the terms by which these limestones should be desig- 
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HHi^l it may lt>e «aid that althoagh the name "Oswego" limestones 
haH ^K^n QHed it would fie equally convenient to call them the Fort 
Hi:ott limestone. Hhould one choose to use the latter term rather 
than the former, one should he careful not to include the upper 
limestone, a lieavy system which is well developed around Fort 
Kcott, capping the hills on all sides. 

The Oswego limestones, althou^i [perfectly conformable with 
each other are rarely found in an exact horizontal position. A 
jrlance at plate II will show this better than it can be described by 
words. There is a ^reat anticHnal ridge between Pittsburgh and 
Fort Kcott with its axis trending about south 70 degrees east. In 
extreme cases the limestone dips either north or south two degrees 
or more. South of Knglevale about a mile they dip north fully 154) 
'ft'i*i to the mih' for a distance of half a mile, beyond which on either 
side the inclination is greatly reduced. Another similar instance 
was noticed on the south side of the ridge about four miles east of 
Oirard. Here along the headwaters of one branch of Cow creek 
an exposure was found where the limestone dipped southerly at the 
rtiii* of over 100 f(*et to the mile. It is probable the southeast dip 
of the limestone is the principal cause for the absence of a marked 
escarpment at tlie border or outcropping of tlie limestone. At Fort 
Kcott the rocks are dipping north, but three miles north, just beyond 
tlH» <<*m<*nt factory, they begin rising to the north {it a sharp angle. 
Tliis is plainly noticed ahmg the railroad, for the roadb€*d rests 
dir<*ctly upon tin* upper limesttme for nearly a mile, throughout the 
whole of which distance there is a relatively heavy grade. 

First above the (Jsw(»go limestone is a bed of shales, arenaceous 
in placcH, wiiich varies in thickness along this line from 25 to 40 feet. 
At Fort Scott it nu^asures n«*arlv 40 f(M*t, while five miles to the north 
it is not more than 25 feet thick. In a f<*w places it assumes a jet- 
black color and contains manv small c<mcretions with small fossil 
sliells s<»rving as nuclei, just as those between the Oswego lime- 
stones. Tiiis is })articuiarly noticeable at Prescott. The well and 
pool by tiie old mill iiave ]mssed through the limestone, which was 
(juite thick h(»re, and hav<» revealed the black shale tilled with con- 
cretions. One migiit easily be miskMl here, for it would be natural 
to mistake* this limestone with the associated shales for the Oswego 
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limestone. Coal is also found in these shales in some localities, but 
only in small quantities, and therefore not of suflflcient extent to be 
of any commercial importance. 

THE PAWNEE LIMESTONE. 

Above the shales just mentioned is a tolerably heavy limesone 
system which is first observed along this section a little south of 
Farlington. Its exact limits could not be located along the railroad, 
but only a few miles north of Girard to the east and west of the rail- 
road prominent escarpments locate its limits exactly. At Farling- 
ton it is very prominent, and is easily traced all the way to beyond 
Fort Scott. In character it is massive rather than laminated. 
Along the hilltops it weathers into large blocks rather than small 
fragments. Its thickness is difficult to estimate on account of its 
being worn to a thin edge, but it reaches 15 feet in some places. 
According to Mr. Bennett, in chapter IV, a few miles to the west of 
Fort Scott it thickens to fully m feet. 

This limestone has been named the Pawnee limestone by Swal- 
low* on account of its gieat develojmient around Pawnee, a station 
on the Missouri Pacific railroad to the south of Fort Scott. As the 
name was well chosen, and corresponds with the method adopted 
by this Survey of giving local geographic names to the different 
geologic horizons, it will be adopted here. In the vicinity of Fort 
Scott the Pawnee limestone caps all the hills. Passing northward 
to Prescott it can be seen on hills all the way on either side of the 
Memphis railroad. At places the track rounds a hill point with the 
limestone onl}' a few rods away, while beyond the valley may widen 
to miles each side of the track. About five miles to the north of Fort 
Scott the limestone conies down to within 25 feet of the Oswego 
limestone, but beyond it rises slightly to a height of 40 feet or more. 
Just south of Hammond, a small, fiat-topped, circular mound, 
capped with the I'awnee limestone, is a prominent feature in the 
landscape, while to the southeast and to the northwest rows of hills 
of some height are capped with the same rock. At Prescott it lies 
at the surface, while farther north it passes underground and is 
seen no more, excepting in the shafts below the coal at IMeasanton 

♦Swallow: Prol. Rep. Kansas Geol. Survey, p. 24; Lawrence, 1866. 
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and Boicoort, and in the records of the drilled wells at Ple&8antoiL» 
Paola, and other points to the north. 

THE PLEASANTOX SHALES. 

Above the Pawnee limestone lies a heaw bed of shale which is 
of frreAt strati^aphic importance. It contains within it one or 
more small limestone systems of little importance. 8och an one is 
the limestone northeast of Pleasanton along the branch, the eight- 
foot one mentioned bv Bennett on the Fort 8cott- Yates Center sec- 
tion, and the one near the surface just above the Mound City coal, 
which seems to be the same as the one northeast of Pleasanton. 
On account of the heavy development of these shales at and aroond 
Pleasanton it is proposed to call them the Pleasanton shales. They 
have been an important factor in producing the topography so char- 
acteristic of the zone reaching from La Cygne away to the sooth- 
west to bevond the Neosho river, and in fact bv wav of Cherrwale 
and Mound Vallev to the south line of the state. Could one. stand 
on a high prominence near Fort Scott and use a proper telescope he 
could observe a chain of hills and bluffs throughout this whole dis- 
tance. Beyond the Neosho river the row becomes divided into two 
or more branches, but nearer IMeasanton thev are united into one. 
The Pleasanton shales constitute the great bulk of these hills and 
the limestones above cap them and protect them from erosion. The 
thickness of the Pleasanton shales differs gieatly. At Boicourt 
they are more than 225 feet thick, with an equal thickness to the 
southwest; but to the norUi they rapidly become thinner as far 
as I^aola, beyond which they again thicken to nearly 200 feet at 
Kansas City. 

In places the Pleasanton shales carry large quantities of sand- 
stone, sometimes in broad, even, thin layers, producing the best of 
flagging stone, sometimes in more massive form. Excellent ex- 
am])1es of the former are found near Bandera and Gilfillen west of 
Port Scott, the quarries of which produce what is known in the 
market as the Fort Scott flags. Near Farlington is another place 
where flagging stone of excellent quality are extensively quarried 
from beds contain(*d within the Pleasanton shales. Other ex- 
amples also might be mentioned, particularly the flagging stone 
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west of the Neosho river quarried so extensively by Mr. Robinett 
who has introduced them to the city of Parsons and supplies such 
great quantities for making walks. The massive variety of sand- 
stone is well illustrated at Boicourt by the heavy beds which lie at 
the very summit of the shales immediately under the next succeed- 
ing limestone. Here the layers are four or more feet thick and were 
once quarried for dimension stone. 

The Pleasanton shales are also noted as coal-producers. The 
Pleasanton coal, the Boicourt coal, the La Cygne coal, and the 
Mound City coal all come from them. The Pleasanton, Boicourt, 
and La Cygne coals lie almost at the base of the shale beds, but the 
Mound City coal is nearly 100 feet higher. To the south of Pleasan-^ 
ton, almost all the way to Fort Scott, coal is mined irregularly every 
few miles on each side of the railroad. Some of these mines seem to 
be located below the Pawnee limestone, possibly below the Oswego, 
in which case they would correspond to the Fort Scott coal. But 
others of them are higher and may correspond to the Pleasanton 
coal. As but few of such banks were visited, positive statements 
regarding them cannot be made. 

It has been decided to let the upper surface of the Pleasanton 
shales be the upper limitation of the lower Coal Measures. The 
p«aleontologic evidence favors this, while other considerations are 
given in chapter IX for locating the division of the Coal Measures 
at this particular place. 

THE ERIE LIMESTONE. 

Above the Pleasanton shales a series of limestone svstems is met 
with which consists of five or six systems at La Cygne, a smaller 
number south at Boicourt, and still smaller at Pleasanton. At the 
latter place there is but one limestone capping the hill, or possibly 
two, with almost no shale between. This limestone also forms the 
top of a long row of hills reaching westward toward Mound City. 
At Boicourt, the high hill west of the railroad furnishing the fol- 
lowing section, beginning at the top of the hill and passing down- 
wards: 

No. 1 — 20 feet limestone. 

No. 2 — 6 feet shale. 
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No. l\ — feet limestone. 

No. 4 — 6 feet shale. 

No. 5 — i feet limestone. 

No. 6 — i feet shale. 

No. 7 — 5 feet limestone. 

No. 8 — 11 feet shale. 

No. 9 — 10 feet sandstone. 
No. 10 — 94 feet shale to road grade. The same shale continues 
to the bed of the river. From the best information we could gather 
it seems that the shale continues downward a hundred feet or more, 
making the total thickness of the Pleasanton shales from 200 to 225 
feet. It will thus be seen that four limestone systems are here 
found. The lower one possesses all the characteristics, both litho- 
logic and paleontologic, of the one at Pleasanton, and unquestion- 
ably should be correlated with it. Of those above the first two are 
thin, with the lower one probably belonging to the bottom one. The 
fourth one is the most nearly distinct. 

The high bluffs and hills north of La Cygne furnish another good 
section. The limestones are here dipping rapidly to the north. 
The Memphis railroad cuts through them to obtain a crossing over 
the Osage river, so that portions of the rocks are laid bare in the cut. 
The following section is here exposed, the hill on the east side being 
higher than the one on the west. Beginning at the top of the hill 
and passing downward we have: 

No. 1 — 25 feet limestone. 

No. 2—20 feet shale. 

No. ^ — 20 feet limestone. 

No. 4 — 13 feet shale. 

No. 5 — 4 feet limestone. 

No. G — 8 feet shale. 

No. 7 — 3 feet limestone. 

No. 8 — 8 feet shale. 

No. 9 — 2 feet limestone. 

No. 10 — 7 feet shale. 

No. 11 — 7 feet limestone. 
No. 12 — 11 feet of shale to railroad level with river bed 46 feet 
below. 
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Here also the lowest limestone system corresponds with the bot- 
tom one at Boicourt and Pleasanton, so much so that one need have 
no hesitation in correlating it with them, although it must dip rap- 
idly from Boicourt to reach its position here. 

By comparing these sections with Mr. Bennett's section from 
Fort Scott to Yates Center and considering topographic features 
to the southwest, as above outlined, it would seem we are here deal- 
ing with the limestones which form the heavy outcropping near 
Uniontown which has been called the Erie limestone farther to the 
west. They can be traced northward all the way to Kansas City, 
at which place the lowermost one corresponds to No. 78 of Broad- 
head* which he calls the Bethany Falls limestone. 

lOLA LIMESTONE. 

Here at La Cygne we have another limestone lying above the 
Erie limestone and which seems to be the lola limestone. At lola 
100 feet of shale lie between it and the Erie, but here there are 
scarcely more than 25 feet. Further, instead of having only three 
systems below there are five close together, as though they were re- 
lated, but some of them are so thin they may not extend far away. 
The uppermost rock at La Cygne possesses all the characteristics of 
the lola limestone, compact, solid, crystalized almost into a marble, 
and unusually free from fossils. In order to throw light upon this 
correlation a journey was made west from La Cygne until the Gar- 
nett limestone was reached. By counting southward from this point 
to lola and eastward to La Cygne the same conclusion is reached, 
so the matter may be looked upon as settled that the uppermost 
limestone system in the vicinity of Mound City, Boicourt and La 
Cygne is the lola system. Immediately on the high hill at Boicourt 
it is not found, but it is reached only a short distance to the west. 
At the bluff north from the river near La Cygne the same grouping 
of limestone systems is noticed. Here, however, they dip to the 
south, or rise to the north towards Fontana. The Osage river is, 
therefore, following a synclinal valley at this place. The railroad 
from the bridge near La Cygne gradually climbs the hill occupying 
four or five miles in making the ascent to Fontana. In many places 

•Missouri Oeol. Rep., 1872, p. S^. 
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No. 8 — 6 feet limestone. 

No. 4 — 6 feet shale. 

No. 5 — i feet limestone. 

No. 6 — i feet shale. 

No. 7 — 5 feet limestone. 

No. 8 — 11 feet shale. 

No. 9 — 10 feet sandstone. 
No. 10 — 94 feet shale to road grade. The same shale continues 
to the bed of the river. From the best information we could gather 
it seems that the shale continues downward a hundred feet or more, 
making the total thickness of the Pleasanton shales from 200 to 225 
feet. It will thus be seen that four limestone systems are here 
found. The lower one possesses all the characteristics, both litho- 
logic and paleontologic, of the one at Pleasanton, and unquestion- 
ably should be correlated with it. Of those above the first two are 
thin, with the lower one probably belonging to the bottom one. The 
fourth one is the most nearly distinct. 

The high bluffs and hills north of La Cygne furnish another good 
section. The limestones are here dipping rapidly to the north. 
The Memphis railroad cuts through them to obtain a crossing over 
the Osage river, so that portions of the rocks are laid bare in the cut. 
The following section is here exposed, the hill on the east side being 
higher than the one on the west. Beginning at the top of the hill 
and passing downward we have: 

No. 1 — 25 feet limestone. 

No. 2—20 feet shale. 

No. 3 — 20 feet limestone. 

No. 4 — 13 feet shale. 

No. 5 — 4 feet limestone. 

No. 6 — 8 feet shale. 

No. 7 — 3 feet limestone. 

No. 8 — 8 feet shale. 

No. 9 — 2 feet limestone. 

No. 10 — 7 feet shale. 

No. 11 — 7 feet limestone. 
No. 12 — 11 feet of shale to railroad level with river bed 46 feet 
below. 
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Here also the lowest limestone system corresponds with the bot- 
tom one at Boicourt and Pleasanton, so much so that one need have 
no hesitation in correlating it with them, although it must dip rap- 
idly from Boicourt to reach its position here. 

By comparing these sections with Mr. Bennett's section from 
Fort Scott to Yates Center and considering topographic features 
to the southwest, as above outlined, it would seem we are here deal- 
ing with the limestones which form the heavy outcropping near 
IJniontown which has been called the Erie limestone farther to the 
west. They can be traced northward all the way to Kansas City, 
at which place the lowermost one corresponds to No. 78 of Broad- 
head* which he calls the Bethany Falls limestone. 

lOLA LIMESTONE. 

Here at La Cygne we have another limestone lying above the 
Erie limestone and which seems to be the lola limestone. At lola 
100 feet of shale lie between it and the Erie, but here there are 
scarcely more than 25 feet. Further, instead of having only three 
systems below there are five close together, as though they were re- 
lated, but some of them are so thin they may not extend far away. 
The uppermost rock at La Cygne possesses all the characteristics of 
the lola limestone, compact, solid, crystalized almost into a marble, 
and unusually free from fossils. In order to throw light upon this 
correlation a journey was made west from La Cygne until the Gar- 
nett limestone was reached. By counting southward from this point 
to lola and eastward to La Cygne the same conclusion is reached, 
so the matter may be looked upon as settled that the uppermost 
limestone system in the vicinity of Mound City, Boicourt and La 
Cygne is the lola system. Immediately on the high hill at Boicourt 
it is not found, but it is reached only a short distance to the west 
At the bluff north from the river near La Cygne the same grouping 
of limestone systems is noticed. Here, however, they dip to the 
south, or rise to the north towards Fontana. The Osage river is, 
therefore, following a synclinal valley at this place. The railroad 
from the bridge near La Cygne gradually climbs the hill occupying 
four or five miles in making the ascent to Fontana. In many places 

• Missouri G<»ol. Rep., 1872, p. Ki. 
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along the line the grading has laid the hillside sufficiently bare to 
furnish good sections. It is noted that the massiye limestone is 
plainly visible almost all the way with the lower systems in their 
proper places relatively. To the south and west of Fontana the lola 
limestone appears everywhere at or near the surface, constituting 
the great mass of limestone so abundant in that vicinity. It grad- 
ually dips towards the northwest to Osawatomie and to the north 
to Paola. Fontana is therefore on the summit of an anticlinal ridge 
the axis of which trends about north 70 degrees west, gradually dip- 
ping below the surface. The lola limestone lies near the surface 
all the way to Paola, at which place it covers the lesser hills of the 
main upland. It is found in a number of places within the city 
limits, and is the first limestone system below the one covering the 
highest hilltops in and around Paola. It is here greatly reduced in 
thickness, not being more than 15 feet thick in most localities. 
Just how much its original thickness has been reduced by surface 
erosion cannot well be determined. To the north, towards Olathe, 
it gradually becomes more prominent. On many of the lesser hills 
to the east of the Memphis railroad it is very prominent. In some 
place* four or five miles east of Paola it caps prominent, flat-topped 
mounds and rows of hills. At Hillsdale it is the cap-rock on the 
hilltop just south of Bull creek, plainly visible near the wagon 
bridge. It rises all the way from Paola to Olathe, at. which place 
it is so thickened that along the head waters of Cedar creek, from 
two to four miles west of Olathe, it is full 50 feet thick. From 
Olathe it passes on to the north and constitutes the heaviest lime- 
stone in the bluffs of Kansas CMty numbered 98 by Broadhead.* 

THE LANE SHALES. 

Above the lola limestone along the line of this section a shale 
bed appears which, in the vicinity of Osawatomie and Paola, is from 
75 to 100 feet thick. Along the south bluffs of the Pottawatomie 
river it is generally about 75 feet thick; between Osawatomie and 
Paola at one place it measured 95 feet; while in the hills northeast 
of Paola it is from 75 feet downwards as more northern points are 
reached. It forms the main mass of hills each side of the Memphis 

♦ Hroadboad, toe. oil., p. 1()7. 
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railroad from Paloa to Olathe, but it gradually grows thinner, as the 
lola limestone rises, until in the vicintiy of Olathe it is less than 25 
feet thick. West of Olathe along the bluffs of Cedar creek it seems 
to thin out so that the lola limestone and the one above almost come 
together, and are in places not more than 10 or 15 feet apart. But 
to the southwest beyond Osawatomie they gradually thicken to 
much over a hundred feet. They separate the lola limestone from 
the limestone S3 stem containing the famous quarries at Lane, and 
the Garnett limestone in and around Garnett, and therefore should 
be correlated with the great shale bed on which Colony rests, and 
which furnishes so much sandstone in the vicinitv of Neosho Falls, 
Burlington and Yates Center. The name Lane shales is proposed 
for this shale bed, on account of their being so well developed at the 
little town of Lane, a village made somewhat famous in Kansas on 
account of the extensive quarries near by, and also to emphasize the 
fact that the Lane "marble" and the lola "marble" belong to two 
different limestone systems. 

THE GARNETT LIMESTONE. 

Beginning at the summit of the highest hills southeast of Paola, 
an important limestone system is first met along this section which 
is very prominent to the southwest, and which has already been 
named the Burlington, or Garnett* limestone. In most places it is 
recognizable as two distinct systems about 10 or 15 feet apart, but 
from Paola to Olathe it usually is seen as but one. It caps all of the 
highest hills between these two places, and for miles around. 
As has just been shown, it is slightly nonconformable with the lola 
limestone, due to the thinning out of the Lane shales to the north- 
east. Immediately under the town of Olathe it is only 15 feet thick, 
but a few miles west it thickens to nearly 50 feet. This is the same 
system which a mile southwest of Greeley thickens so suddenly 
locally from a few feet to almost 50. From Olathe it dips slightly 
in almost every direction excepting the east. It reaches Ottawa and 
beyond to the southwest, where it is in two well-marked systems, and 
Eudora to the northwest. It is quite possible, in fact probable, that 

•Hawortli aud Kirk: Kansas Univ. Quar., vol. 2, p. 110. 
-4 
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around Paola and Olathe it is in two systems with so thin a parting 
of shale that it has been misinterpreted. Its most noted feature, 
and the one which will give it the widest reputation, is the fact of 
its containing the famous *'marble" quarries at Lane. From Olathe 
it passes northward to Kansas City, as is show^n in plate EC. 

The general highlands forming the environs of Paola and the 
broad plateau of Olathe pass northward unchanged to the bluffs of 
the Kansas river between Kansas (My and Eudora. The different 
rock systems, then, along the river bluffs are practically the same 
as those described from Pleasanton northward. The borings at 
Paola and Olathe confirm this view, as is shown in plate 11, which 
should be referred to constantly while reading this chapter. 

THE KANSAS CITY SECTION.* 

A comparison between the stratification at Kansas City, as now 
seen in the bluffs where good exposures are made by natural or arti- 
ficial means, and the description given by Broadheadf shows that 
his section is correct in the main excepting near the summit of the 
bluffs, where good exposures did not exist at the time his report 
was prepared. The complete section is as follows, beginning at 
the top, which is almost identical with the Argentine section, 
figure 2 : 

tSecti^n at Kansas City, 

1st. — 6 to 10 feet arenaceous limestone. 

2d. — 6 feet sandy shale, which reaches to Broadhead's section. 

3d. — 30 feet gray, bluish gray and flesh-colored limestone, the 

loja limestone. 
4th. — 25 feet blue and olive-colored shales. 
5th. — 5 feet heavy-bedded limestone. 
6th. — Thin seam of clay, 4 inches. 
7th. — 15 inches blue limestone. 
8th. — 2 fcH^t bituminous and blu<» clay shales. 
9th. — 18 inches in one bed of limestone. 
10th. — 10 inches blue clay shah^s. 

•The rpmaiiidcr of thin clinpt4T is by Mr. H<*iiiii*tt. 
t Brondhcad : Missouri (}(>ol. Kcp.. part 2. p. 107. 1H72. 
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11th. — 16 inches blue limestone largely composed of comminuted 

shells. 
12th. — 11 feet: 5 feet 8 inches blue clay shales and 5 feet 4 inches 

buff and drab nodular shales. 
13th. — 9 feet fine-grained, greenish gray, even-bedded limestone. 
14th. — 7 feet cla}' shales. 
15th. — 3 feet irregularly-bedded limestone. 
16th. — 18 feet oolitic and gray limestone. 
17th.— 13 feet shale. 

18th. — 1 foot agrillaceous limestone made of comminuted shells. 
19th. — 10 inches drab dav shjiU^s. 
20th. — 5 inches argillaceous limestone. 
21 St. — 2 feet drab clay shales; 6 inches buff shales, and 6 inches 

blue shales. 
22d. — 1 foot argillaceous limestone. 
23d.— 1 foot buff and 3 feet of blue shales. 
24th. — 12 feet deep-blue limestone and black chert in the upper 4 

feet. From this down it is an argillaceous limestone and 

blu(» in lower strata. 
25th. — 4 feet blue clav shale. 
26th. — 74 feet heavy limestone, in two layers. 
27th. — 10 inches blue* shale. 
28th. — 5 feet even-bedded limestone. 
29th. — 2 inches of clav. 
30th. — 3 inches limestone. 
31st. — 3 inches buff shale. 
32d. — 1 foot buff clay rock. 
33d. — 10 inches yellow ochre shale. 
34th.— 2 feet drab shale. 
35th. — l^i feet bituminous shale. 
36th.— 3 feet clav shale. 
37th. — 2 feet nodular buff shale. 
38th.— 18 to 20 feet heavy-bedded limestone (Bethany Falls of 

Broadhead). 
59th. — 5 feet drab, blue and bituminous shales. 
40th. — 1^ feet even-bedded limestone. 
Making a total of about 225 feet. 
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In the above section it can be seen that there are at least eight 
limestone systems some of which have been correlated with those 
described in previous chapters. In the descending order they are 
as follows: 

1st. — The arenaceous limestone — 10 feet. 

2d. — The lola limestone, top rock of Broadhead and heaviest 
bed— 30 feet. 

3d. — Large fossil and heavy-bedded limestone — 5 feeb 

4th. — Fine-grained building-rock — 9 feet. 

5th. — Oolitic limestone — 21 feet. 

6th. — Black, chertv limestone — 12 feet. 

7th. — Heavy-bedded and clay parted limestone — 12^ feet. 

8th.— Bethany Falls of Broadhead— 20 feet. 

These are persistent systems and we will have occasion to speak of 
them again in the Kansas river section, Chapter VI of this Report. 
It will be seen that they represent fully 119 feet of the section, and 
that the separating shales, etc., sum up 106 feet of which 94.6 feet 
are clay and bituminous shales, and 12 feet thin limestone layers, 
giving a preponderance to the limestone, all told, of 35 feet in the 
entire 226 feet of the section. Before going further a brief descrip- 
tion of the fossils found in th(»se systems might be. of interest. 

The arenaceous or uppermost system has a few of the common 
Coal Measures species — Atht/ris suhtUita being plentiful. 

The lola limestone, or top rock, yields some w ell preserved fossils, 
such as Spirifer cumeratus; Spiriferina kentuckiensis ; Productus 
longispinus; ProductuH costatus: Productus punctatus: Productus nc- 
hrascensis; Tvrchratula bovideus; Aihyris subtilita; Myalina swallovi; 
Bryozoans, and others. 

In the large fossil heavy-bedded system which comes next two 
species of the Productidae, punctatus and costatus are very large and 
numerous in certain localities. In a thin clay seam not far from the 
base of this system lies the rare little Conularm crustula, and the bi- 
tuminous shales below have many bruised specimens of the charac- 
teristic Coal Measure fossil Plcurotomaria sphaerulata. 

The fine-grained limestone which comes next in many places 
can be distinguished by its abundance of Campophyllum torquium. 
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It also has Lophophyllum proliferum; FisiuUpora nodulifera and sev- 
eral species of the Brachiopoda. 

Next in descending order comes that wonderful Oolitic bed, 
useful in building and noted for its many well preserved fossils. 
Representatives of the seven sub-kingdoms of the animal kingdom 
are found in it. The Protozoans bv Fusulina, the Coelenterata by 
its tabulate and rugose forms, the Echinodermata by Echinoidea 
and Crinoidea, the Mollusca by many species of the Polyzoa, 
Brachipoda, Lamellibranchiata, Gasteropoda, Pteropoda and Ceph- 
alopoda, the Arthropoda by the Trilobita, and the Vertebrata by 
fish teeth. Over 70 species in all have come under our notice from 
this one system. 

Below the Oolite limestone is the black chert system which 
has in it numerous rare and well preserved fossils. Many of the 
Gasteropoda in this rock have been silicified instead of remaining cal- 
cified as is common in limestones. In a bluish-gray layer immediately 
below the one in which the chert predominates fine specimens of 
Nautilus ponderosus exist. Just above it and forming part of it seem 
to be remains of plants, such as cordiates, and to these are attached 
the genus Spirorbis. There are also associated with these speci- 
mens which seem to be charred wood, all of which give evidence 
of an estuary iu the great western sea which then lay outside of 
the continent, and from which continent the streams descended to- 
wards the west. In this deposit many specimens of the genera 
Naticopsis, Loxoncma and TurriteUa are found. Among the Lamelli- 
branchiata, AUorisma suhcuniata and others are represented. Of 
the Trilobita, PhiVipsia major has been taken from this stratum. 
It also contains an Orthocerata. 

The two remaining systems are not so rich in fossils, and those 
present are the common species of the region.* 

Continuing the section from Kansas City along on the eastern 
border of the state, and up the Missouri river, and going from the 
old water-works in Kansas City, Mo., along the bluff to the Hannibal 
railroad bridg(», the first thing noticeable is the dip to the north. 
The same dij) is observable from Argentine to Quindaro, yet the last 

* For a further description of the Kansas City rocks the reader is referred to the Kansas 
rirer section, chapter VI of this Report. 
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mentioned line is on the axis of a very perceptible anticlinal, as is 

shown in plate 11. 

At the mouth of the Kansas river in Wyandotte the black cherty 

limestone is found but little above the water's edge; but in the 
northwestern part of the city this rock is seen considerably above 
the bed of Jersey creek, while at Quindaro, four miles up the Mis- 
souri river, its position is at least 10 feet higher above the water 
than at the west end of the iron bridge at the mouth of the Kansas 
river. This same cherty limestone is high above the water of the 
Kansas river in the Muncie bluffs, three miles west of the Missouri 
line. All the other limestone and shale systems above this are 
found in proper position, both at Wyandotte and Quindaro. 

Along the Missouri river, above Kansas City, little can be seen 
of the first limestone above the lola limestone, as it appears at Kan- 
sas City, and which is separated from the latter by six feet of shale 
at Argentine and Edwardsville. 

The fossils of the rocks of the above sections are the same as 
found elsewhere in them (see chapter XV on paleontology). We 
must not forget to note, however, that some of the finest and most 
perfect of the Pinnidae were taken from the bed of Jersey creek, in 
the neighborhood of Thirteenth street in Wyandotte, from the first 
strata that underlie the black cherty limestone. Pinna peracuta a 
foot long were found here in 1889, when this limestone was being 
quarried for the foundations of residences that were going up in 
that neighborhood then. 

In a creek east of Quindaro, but heading up towards that village, 
all of the limestone systems, except the lower beds of Kansas City, 
Mo., are to be seen, and in their relative positions. The upper, or 
20-feet stratum, has been quarried very extensively here in years 
gone by. Where this creek passes under the Missouri Pacific rail- 
way the black chert rock is in places just above the railroad track. 

A little above Newman station the gray limestone (No. 4 of our 
Kansas City section) and its associated thin beds, both above and 
below it, have been here exposed in a quarry. At this place it has 
retained its usual thickness of eight or nine feet, and all its litho- 
logic and paleontologic characteristics. Its almost peculiar fossil — 
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Campophyllum torquium — was here, but not in great abundance as 
elsewhere in this limestone. 

At a small creek to the west of this a short distance, and about 
two miles east of Pomeroy, all the beds from the lola limestone of 
Kansas City down through the gray limestone have been exposed 
very nicely by the creek erosions. This spot of ground in the native 
forest is quite romantic. Just above the railroad bridge a wagon 
road bridge spans the creek, and in the section, as given below, from 
this bridge to the top of the hill two beautiful little waterfalls 
occur in the course of the short stream. The upper and larger of 
the two occurs in connection with the lola limestone, over which the 
water falls into a large amphitheater-like basin, formed by the ex- 
cavations of the shales which underlie it. The creek is dry except 
after a freshet. This entire fall is over 50 feet. The second fall is 
much smaller, and occurs in connection with the limestone imme- 
diately below the heavy fossil rock of the Kansas City section (No. 
96 of Broadhead). 

The buff and green shales of the 18-foot stratum in the above sec- 
tion has small calcareous nodules imbedded in them. 

The foot of limestone below the two feet of bituminous shales, 
etc., is immediately overlaid by many fossils, Productus prattenianus 
and Bryozoans abound. The oolitic stratum is here decidedly brec- 
ciated and corresponds with the cement rock of southwest Wyan- 
dotte in many ways, being the equivalent without doubt. This 
system, which is beautifully oolitic in places, assumes in other places 
an argillaceous character. 

Near this point there is a very fine spring far up in the side of 
the bluff which supplies the tank, known as Barker's on the Missouri 
Pacific railway. The water seems to be in connection with the lola 
limestone. 

At Pomeroy, two miles beyond this, and 10 miles from Kansas 
City, Kas., some quarrying has been done. Here, for the first time 
in ascending the river, we have an exposure of the Garnett lime- 
stone systems. One of them, and that the lower almost without 
doubt, showing 20 feet. It is only seen in the hilltops about 
Pomeroy, for to the west it is cut off by erosion, until Connor is 
reached. Just above the 20 feet of limestone, in the above section, 
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in the clay shales, are found many plates of Eupachycrinus tubercu- 
latus, and it is the only place, so far as known, that the Coelenterate, 
Michilinia eugcneae, has been found. In the lower part of these 
shales are also found Zeacrinus mucrospinus, Zeacrinus acanthopho- 
ru8, Lophophyllum proliferutn, and Spirifer camei'atus. 

Before reaching Connor, 2\ miles farther up the river, the lola 
limestone is seen just above the railroad bridge, and at Connor 
station it disappears below the valley soils. A small cropping of 
the Garnett limestone is seen here in the top of the hills, some 85 feet 
to the summit above the railroad bridge. And just above it is a 
foot or so of shale, which in turn is overlaid by a thin stratum of 
limestone. 

Above Connor, one mile, there is a small exposure of the lime- 
stone, the top of which can only be seen, and is eight feet higher than 
the railroad grade. This is perhaps our No. 1 of Kansas City — 
Broadhead's No. 100 (?) — which is not a persistent limestone. At 
the top of the lull in Kansas City, Mo., it is found 8 to 10 feet thick, 
and is separated from our No. 2 by six feet of clay shales. At 
Argentine it is a siliceous limestone 11 feet 3 inches thick and six 
feet above No. 2 as at Kansas City. At Edwardsville, 12 miles up 
the river on the north side, it retains this thickness and lithologic 
characteristics, and is separated from the underlying limestone 
by the same thickness of shale as at Argentine. So far as our ob- 
servation extended, it was not seen around Kansas City, Kas., or 
Quindaro. Up the river, towards Pomeroy, the hills are high 
enough to contain it, but it was not seen. At Pomeroy the thin 
layer observable above, our No. 2, was too high for it. The lower 
rock as seen exposed, in section one mile above Connor, would be 
in about position for it, but does not i)artake of its siliceous nature. 
At Boss the siliceous or semi-oolitic limestone would seem to be its 
equivalent; but the jmsition of the rock here is evidently too high. In 
giving the secticms at Kansas City, Hroadhead evidently overlooked 
it altogether, unless it is his No. 100, which stratum varies greatly 
according to his report.* One mile above Connor there is a thin 
oolitic ledge 50 feet above the railroad bridge which contains many 
fossils of Myalina subquadrata, a fossil found in the semi-oolitic of 

♦ Missouri Gi'oloif. Surv., ls72. part II, p. 107. 
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Ross, but not so much in the limestone itself as in a claj streak 
immediatelT above it The Oolite of the Connor section also carries 

Laxanemu , PhiUip^ia majors, Atieuloptcten oeeideniaiis. Pro- 

ductus nebrascemsis, Spirifer eameratus. Edmondia , Monoptera 

, etc. 

Proceeding up the river to Ross station there is a small expo- 
sure which was recently made, the railroad company having cat into 
the side of the bluflf in order to get their tracks away from the en- 
croachments of the river. Here a siliceous and somewhat oolitic 
stratum is close by the track. From the ditch up six feet of it is 
seen, and above it is six inches of clay in which there were numer- 
ous well preserved Myalina suhquadrata, approaching the type kan- 
sensis, and Myalina recurrirostris. Above this clay was one foot 
of limestone. All of the limestones contained well preserved fossils, 
in addition, of the following types: Bellerophon crassus, MaerocheUus 
, Loxonema , and Polyphenopsis . 

Two miles above this, at the rock crusher, the GaVnett limestone 
of the Pomerov section comes down within 20 feet of the railroad 
track. Here it is but 14 feet thick, and is separated by a 20-foot 
slope from another system above 13 feet thick, from which large 
quantities of stone have been crushed for railroad ballast. Both 
of these svstems are somewhat barren of fossils. 

One mile farther on, at the penitentiary pump-house, the upper 
one of these two systems is eroded away and the lower one thickens 
here to 16.5 feet and is but eight feet above the railroad track, which 
distance is occupied by drab clay shales. 

Farther on, at Leavenworth Junction, this lower limestone is 
just above the track. 

Going on up to the Boldiers' Home, and passing up the roadway 
from the station towards the buildings on the top of the hill, the 
litth* creek and a quarry or two which have been opened help to fix 
tlie h>cation of the limestone. On the top of the hill is a ferruginous 
brecciated limestone 2.5 feet thick which has been quarried some- 
what. Then descending there is a slope of 58 feet 8 inches from the 
top of this limestone to the top of the upper of the two systems seen 
at the crusher farther down the river. The upper system has been 
somewhat extensively quarried here, and is from 11 to 18 feet thick. 
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Next below it, and separated by five feet of brown, dark and bitu- 
minous shales, lies an even-bedded — sometimes in one, again in two 
layers — drab limestone, which has been quarried here. In the clays 
immediately below this there is an abundance of Derhya (Hemi- 
pronites) craasus, in good preservation. Below this is a 10-foot slope 
before the top of the second limestone is reached. The top of this 
latter system only is seen here and but 14 feet above the railroad 
track at the depot. 

The upper of these two limestone systems here contains Spirifer 
lineatus, Athyris suhtilita, Archaeocidaris spines, Productus pratteni- 
anus, and Fusulina cylendrica. The thin, even-bedded layer con- 
tains Pinna , Chaenomya leaventcorthensis, and Myalina auh- 

quadrata. Brick clays are also found in this neighborhood from 
which brick has been made for the buildings in the Home. There 
are fine springs here in connection with both limestone systems 

SECTION AT SOLDIERS' HOME. 

Between the Soldiers' Home and Leavenworth the upper Gar- 
nett limestone lies in a bold cliff above the railroad track, and fre- 
quently the even-bedded layer below it comes into view. 

About half a mile down the river from the union depot in Leav- 
enworth a good section of this rock with its accompanying thin 
layers above and below is to be seen as follows. Beginning at the 
top there is: 

1. — Arenaceous limestone, 1 foot five inches. 

2. — Drab shales, 11 inches. 

3. — Limestone. 

5. — Limestone. ) 

6. — Argillaceous limestone, 2 feet. 
7. — Gray limestone, 12 feet. 

8. — Dark bituminous and clay shales, 4 feet 6 inches. 
9. — Fucoidal and fossiliferous limestone, 2 feet. 
10. — Slope, 4 feet to railroad grade. 

In comparing the above section with Meek and Hayden's section 
at Leavenworth landing, made in the summer of 1858,* there is a 

• Pro. Acad. Nat. Sci., Philadelphia, vol. 11, p. 8. 
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very strong agreement, even to the locating of the fossil Derhya 
(Orthisina) crassa, found so abundantly in the thin limestone first 
below the upper Garnett rock. Other fossils mentioned by Meek 
and Hayden were also found. 

Swallow gives a general section of the rocks of eastern Kansas,* 
and in what he calls the "well-rock series," mention is made of those 
occurring at Leavenworth, but evidently when he places coals — 
No. 176 of his section — which are found in the Lawrence shales, 
below the Garnett limestone, he considers the Oread and Garnett 
as equivalent, which we now know, by closer observation than he 
could give them, are not. The Oread limestones are above and the 
Garnett limestones below the Lawrence shales. According to the 
correlation of this Rurvev, the heavv limestone near the base of the 
hills at Leavenworth corresponds to the Garnett and these on the 
hilltops at the Reservation to the Oread limestone. Between them, 
however, are two, if not more, thin limestone systems, one of which 
at least occurs in the Lawrence shales, in the vicinity of Lawrence. 
They seem to thicken northward, so that they are very much heavier 
around Leavenworth. 

From the union depot northward in Leavenworth to a creek on 
the south end of Military Reservation, two miles away, the railroad 
track lies on a bench formed by the upper Garnett limestone. The 
last seen of this limestone, before it dips below the river, is on this 
creek, and the west abutment of the Rock Island railroad bridge 
which spans the Missouri river here, is built upon it. Above it 
along the bench already spoken of, between the union depot and the 
south end of the reservation, are heavy beds of arenaceous shales 
with many thin, broken layers of sandstone dipping in all directions 
in them, but mainly dipping where exposed to the south. 

At the west end of the Rock Island bridge along that road is «a 
cut exposing the ferruginous brecciated limestone, first seen at the 
Soliders' Home, which is here largely made up of communited shells. 
This rock is about six feet thick and crops out all along the bluff 
for a short distance towards the south and west and for a mile and 
a half to the north, on the Reservation, except where a small creek 
cuts it off for a short distance. It has been quarried extensively 

*Prel. R(?p. Kansas (Tt»ol. Survey, pp. 1*-21); Lawrence, l^'A 



Bennett.] A Section from Baxter Springs to Nebraska, 61 

along the outcropping edges for the heavy walls of the riiilitary 
prison. 

The fossils of the above brecciated limestone are Chonetes vcr- 
ncuiliana, Orthis carhonaria, Productus longispimis, Lophophylluni 
proliferum, and Crinoid columns. 

The section at the quarry worked by military prisoners, about 
a mile and a half above the Fort, shows this ferruginous rock to be 
10 feet thick; and -in addition to the above fossils of it and its asso- 
ciated shales and thin limestones, some distance above it, there are 
the following: Athyris suhtUiia, Spirifer plano-con\)exus, Derhya cras- 
suSy Euomphalus rngosus, Productus nehrascensis, Productus pertc- 

nuiSy a small Pleurotomaria , Loxonema (?) , Phillipsia 

scitula, Rhomhopora lepidodendroideSy Retzia mormoni, Myalina re- 
curvirostris, Spiriferina kentuckiensis, Astartella ' , Pleuroto- 
maria sphaerulata, etc. 

Two miles up the blulT from Fort Leavenworth there is found 
at about 42 feet above the railroad tracks a limestone some eight 
feet thick, which is to be seen all along the bluff in tumbled-down 
masses. Yet after being cut olT by Salt creek a little farther along 
it was not again to be found in the bluff north of Kickapoo. The 
brecciated limestone of Fort Leavenworth section is, however, seen 
along and just above the railroad track until Kickapoo station is 
reached, where it becomes the foundation for the depot building; 
and two miles above Kickapoo it finally disappears beneath the 
vallev. 

Two miles above Kickapoo measurements were taken up a small 
creek, at the point where the brecciated limestone was last seen at 
the valley level, until a height of 227 feet was reached, and here the 
top of a heavy ledge came in sight. The water in the little creek has 
cut in many places to the shales, in situ,, and in two places toward 
the top of the hill benches were observed which usually predicate 
a firm ledge either of limestone or sandstone, but nothing could be 
seen in either bench where the creek passes over them except loose 
limestone fragments. The limestone of the hilltop, however, proved 
to be the same as that found at the quarry opened by the military 
prisoners in the high ridge on the western part of the Reservation at 
Fort Leavenworth. It is the equivalent of Broadhead's No. 150 in 
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MiBBOuri, and, without question, of the Oread limestone of the Kan- 
sas river section (see chapter VI). On the Reservation its surface 
is far above that of the country in Missouri across the river. In 
Missouri it is not found until a point much higher up the river is 
reached. On the north end of the high ridge of the Reservation 
there seems to be a cropping of limestone about 12 feet below this 
heavy rock, which may be the equivalent of the lower Oread lime- 
stone, and also the thin, even bed, which is but five feet below the 
heavy rock at Atchison. Professor Knerr gives the limestone in 
his Atchison section (chapter VIII), which I failed to see, and which 
he makes to lie yet below the even bed some few feet, unless the 
little exposure seen immediately above the coal mine, two miles 
down from Atchison, were it. In taking measurements on the side 
of a bluff often there is danger of error on account of portions of 
the limestone having moved downward more or less by the wearing 
away of the underlying shales. Therefore the separation at the 
Reservation might not have been as much as 12 feet. The Oread 
limestones at Lawrence, and west of there, are 20 feet apart. On 
the Missouri side of the river, before No. 150 of Broadhead is 
reached, in the upward survey, two limestone systems come in below 
this heavy limestone which are separated by about 20 and 50 feet 
of shales, etc., respectively. The benches two miles above Kickapoo 
may be formed by these thin systems, which in Missouri nowhere 
reach a thickness greater than seven feet. 

The fossils of this limestone here are: Spirifer camerattis, Athyris 
suhtilita, Allorisnia suhcuniata, AUorisma gratwsa, and others. 

At Oak Mill station, a mile and a half above the last mentioned 
section, the Oread limestone has been quarried somewhat in the 
tops of the hills. It is here a light gray in color and 15 feet of it 
was exposed by the quarrymen. It is, however, thicker here than 
this. The fossils in it were: Chonetes granulifera — a shell found 
more abundantly as we ascend geologically — SpiHfera kentuckien' 
sis, Zeacrinus niuerospinus, Zeacrinus acanthophorus, Archiieooidaris 
spines, Orthis carhonaria, Cyathaxonia distorta, etc. 

Going on to a point one and a half miles above Oak Mills the 
sand rock of the section three miles down the river is here seen at 
the water's edge, and the shales immediately above it for 20 or more 
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feet contain many fine fossils. These shales are the equivalent of 
Broadhead's No. 125 of western Missouri, where they are also filled 
with the same fossils. The fossils are: Myalina subquadrata, Mya- 
Una recurrirostris, Bellerophon bicarinatus, Nucula ventricosa, Astar- 

fella , Lophophyllum proliferum, Athyris auhtilita, Bellerophon 

oarhonai-ia, Schizodus , Productns americanus, Productus nahraa- 

censis, Edmondia , Crinoid columns, Pleurotomaria hroadheadi, 

and three other Pleurotomarias, Eiwmphalus rugosu^, Derhya crassa, 
Polypheniopsis nitidula, Leda (Nuotila) helUstriata, Chovetes granu- 

lifera, Turritella , Zeaorinus mttcroHpinn^, Zeaorinus acantho- 

phoruSy Orthis carhonaria, Spirifer plano-convex us, etc. , 

It is worthy of note here that few of our shales curry fossils, ex- 
cept where there are thin layers of carbonaceous matter in them; 
yet here we have a seeminj^ly mixed arenaceous and carbonaceous 
clay s^iale charged with perfect specimens of Molluscan exuvia, 
among which Lamellibranchs and Gasteropods predominate. There 
is a blue clay shale in Kansas City, Mo., lying below the lola lime- 
stone, which contains many fine Crinoidia and Molluscan remains; 
but the sjime shale in other places fails almost entirely to yield 
any fossils. A few other of the bituminous shales of Kansas City 
yield three or four s])ecies of fossils. This fact is noted in describ- 
ing the Kansas City and neighboring rocks. 

From the last mentioned point, for about six miles up, and along 
the Missouri river, the binds are low close to the side of the stream 
and consequently nothing was seen of our heavy top rock, or any 
other stratum, until the coal mine two miles below Atchison was 
reached. There is an 11-inch vein of coal worked here by drifting 
into the side of the bluff which overhangs the river valley. The coal 
seam is 14 feet above the railroad track, and IG feet above this coal 
about 24 feet of limestone appears. Some distance above this lime- 
stone the perpendicular escarpment seen through the underbrush 
would indicate that our heavy limestone was there, were it not to be 
seen a little farther on up the river. One mile down from Atchison 
union depot and at intermediate points, quarries are worked, which 
give good opportunities to see the thickness, nature, etc., of the rocks 
passed. The quarry farthest down the river shows 21 feet of the 
heavy gray or Oread limestone (Xo. 150, Jiroadhead) and the same 



64 University of Kansas Geological Survey. 

syBtein as that found in the high ridge of the Fort Leavenworth Res- 
ervation. Above it here are six feet of blue and drab shales, then 
5 feet 8 inches of even-bedded limestone of splintery fracture. 
About 5 feet below the Oread limestone here there is a bed of blue 
and bituminous shales, then an even-bedded layer of limestone from 
2 to 2| feet thick. Here the base of the Oread limestone is 48 feet 
above the railroad grade, and at places arenaceous shales are ex- 
posed in this slope. The fossils of the Oread limestone are few here 
and of the common species. A quarter of a mile nearer the city is 
the Waggener quarry, where the Oread limestone is 22 feet thick. 
The first rock above, one fourth of a mile awav, which we have said 
was 5 feet 8 inches thick, is here but 8 inches thick at the 
south end of the quarry and thins out to nothing before the 
north end of the exposure is reached. Above this there are 20 feet 
of blue and drab shales, and then 3 feet of even-bedded lime- 
stone. Then above this 48 feet of slope, until a limestone 6 to 8 
feet thick is reached. This we will provisionally call the Sea Urchin 
limestone on account of the quantities of Archaeocidarls spines which 
lie immediatelv above it in the clavs. This would indicate that 
probably it is in the geologic horizon of the Topeka limestone. 
Above this again is a slope of 12 feet; then a thin limestone from 

1 to 2 feet. Above this Professor Knerr, of Midland College, 
Atchison, says that in the high hills of the neighborhood of Atchison 
two other systems or parts of one system are found. First above the 
last-mentioned rock are 2 feet of soft, bituminous shales, then 

2 feet of limestone, then 2 feet of clay shales, and lastly 2 or more 
feet of limestone. 

At the union depot in Atchison the Oread limestone is 21 feet 
thick, and its base 35 feet 9 inches above the railroad. Below it 
are first five feet six inches bituminous and blue shales, then the 
even-bedded limestone two feet three inches thick, and lastly the 
blue and drab shales to railroad grade. The Oread limestone here is 
somewhat oolititc near the top, but this may be the result of coales- 
cence with the limestones above it. It also contains some chert in 
places, but this a characteristic of this great limestone bed wherever 
found. 
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SECTION AT ATCHISON. (Fig. 3, page 66.) 

The fossils of the Oread limestone in and around Atchison are 
Fusulina cylindrica, Producttts eostatus, Reizia mormoni, Spirifer cam- 

eratus, Fenestella , Spirifer piano con vexus, Allorisma subcune- 

ata, and Crinoida. The even-bedded limestone just below it abounds 
in Chonetcs granulifera and also contains Productus nabra^cencis, 
Productus eostatus, Derbija crassa, Myalina subquadrata, etc. 

From Atchison to St. Joseph, Mo., the general trend of the Mis- 
souri river is northeast and southwest. Going up the river, there- 
fore, from Atchison the strata crops out on an almost horizontal 
plane, on account of the generally uniform northwest dip. From 
Atchison, therefore, to Doniphan station, which is almost due north, 
the rocks dip but little and the Oread limestone at the latter place 
is just above the railroad track. Along the bluffs, therefore, until 
Deer creek is reached, where this marked limestone is cut off by the 
valley of that and Independence creeks at their confluence in the 
northeastern part of Atchison county, it is almost in a horizontal 
position, as seen everywhere along the bluffs. 

After reaching Independence creek our section instead of going 
northeast along the river leaves the Missouri here and runs up the 
valley of Rock creek in a northerly direction, towards Troy Junc- 
tion in Doniphan county. Leaving Doniphan station, on the Bur- 
lington & Missouri River railroad, the grade rapidly rises until Troy 
Junction is reached, but the rock stratum seems to rise with it. A 
mile above Doniphan station the Oread limestone is still to be seen 
in the bed of the creek, and not much below the level of the track. 
The base of it only is in sight, resting as usual on its slaty, bitumi- 
nous, and clay shales, below which again is seen the even-bedded 
limestone. These bituminous shales here contain many small con- 
cretions, and a little below the even-bedded stratum, or first lime- 
stone below the Oread, are found in great abundance, Derbya crassa. 
Here also Chonetcs granulifera, Myalina recurvirostris, and Myalino 
subquadrata, are found quite plenty. 
- 5 
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SECTION NEAR DONIPHAN. 

Two miles farther on up the grade, and three miles from Doniphan 
station, was found the first exposure where measurements could 
be taken;. yet the benches formed by the Oread limestone could be 
seen for nearly two miles up the valley, above where last section was 
taken. Here a bluff was capped by a 15-foot system of limestone, 
immediatelv below which is 11 feet of buff and drab shales, then 
three feet of decaying limestone, then 50 feet of arenaceous shales, 
and 26 feet more of slope, bringing it down to the railroad grade. 
This upper limestone may be the equivalent of that which Professor 
Knerr reports as existing in the hilltops around Atchison. Three 
miles farther up the creek it c^mes about to the level of the rapidly 
ascending railroad grade, and is last seen in a west branch of Rock 
creek a mile or so above Brenner station. 

OVER THE DIVIDE. 

After leaving the p6iii*f where the limestone last mentioned dis- 
ai»pears the railroad grade raises rapidly to the summit of the divide 
at Troy Junction. This divide extends from south w<»st to northeast 
across Doniphan county and rests no doubt on a great anticlinal 
which gave contour in the early ages to the country and the course 
of the Missouri river. The river in first cutting its way from the 
northwest struck this and bent away to the east end of it before 
crossing it. After crossing it, the course of the river was to the 
south by what is now St. Joseph, !Mo.; then it deflected back to the 
southwest towards the site of the city of Atchison. This gives Doni- 
phan county a very extensive frontage on the river, being its bound- 
ary on the north, the east and part of the south. This divide was 
much added to by glacial drift, the deposit being of great depth on 
it, and above this till and gravel were deposited joint clays, of the 
Champlain Period, increasing its altitude. On the south side of this 
divide wells have been dug to a depth of 100 feet and more, and then 
ending where water was found among the loose sand and gi^avels. 
There was no stratified rock; boulders of granite and limestone 
alone being found, proving conclusively the drift origin of the upper 
deposits of this high divide. 

After leaving Troy Junction the railroad heads in a northwesterly 
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direction down one of the tributaries of Wolf river. The down 
grade is so great here that two miles before Fanning is reached the 
stratified rocks again come into view, yet not much exposed until 
that station is reached. 8eventv-three feet above the railroad tracks 
the base of Broadhead^s No. 186 is found here, and some little dis- 
tance down the hillside loose limestone was found indicating that 
there was another system at this horizon. 

North of Fanning a mile and three-quarters and one-half mile 
from Highland station, section 28, township 2 south, range 20, in a 
farmyard there is a good exposure ,of the heavy limestone of last 
section. It is here 13 feet thick. Below it is 4 feet of buff shales, 
then an even bed of limestone 2 feet thick; and below this 6 feet of 
drab shales, below which again is 1^ feet of limestone, then a slope 
across a pasture lot of 20 feet to the railroad grade. 

A mile and a half above Highland station and about directly west 
of Eagle Springs, is a quarry in the limestone close to the railroad 
tracks and but D J feet above them, having^also its first thin stratum 
in place below. Here it presents the usual characteristics as at 
Highland station, and a few fossils were taken from it here. There 
is a thick, uneven layer at the bottom, where are found a greater 
number of fossils. At this point it is a blue drab and in part crum- 
bling limestone. The organic remains are RhynconeUa uta, Lopho- 
phyUum proliferum, FiisuUua cylindrica, Athyris subtila, Chaetetes 
, etc. 

Northwest from this, near the railroad, in a barnyard, in section 
7, township 2, range 20, this same heavy ledge is again exposed, and 
the bottom of the thin limestone here is about on a level with the 
railroad grade. 

Farther on one mile, on section G, at the point where the Missouri 
river was again reached, the same limestone lies just above the 
track. A a little farther on, three-quarters of a mile from Iowa Point 
depot, on the Burlington & Missouri River railroad, a good exposure 
of this rock was found at the water's edge, and it was here 15 feet 
thick. The current of the Missouri river sets in here against it, and 
it forms a barrier to the usual rapid inroad of that stream. A good 
section was here taken of what was exposed of the lower thin sys- 
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tem of limestones in the bluffs and overlying this heavy limestone 
system. 

The i;]-foot system here (No. ISi^, Broadhead; see Rep. Mo. 1872, 
I)t. 2, p. VMl,) contains fossils already noticed in it at Ea^le Springs 
station. Above it was a slope of 28 feet, then 5 feet of limestone 
somewhat argillaceous and parted in the middle by a heavy clay 
seam, then 11 feet of clay shales, except near the top, where they 
were* bituminous, then 1 foot (» inches of limestones with calciferous 
shales above it for some distance before a heavy joint clay deposit 
was reached, which joint clay extended to the top of the blutT. 

The calciferous shales and top limestone contain Chonetes granu- 
lifera, Bryazoans, FistuHpora nodulifera, Rhonihopora lepidoden- 
droides, Productus nebrascensis, Spirifer cameratu8, Terehratula 
hoiidens, Athyrig suhtilita, Archeodxiris spines, and Crinoid columns. 

The 5-foot limestone contains: Zcacrinus macrospinus, Zcacrinus 
acanthophorus, Athyris suhtUita, Retzia mormoni, Spirifer cameratus, 
Productus costatus, Productus prattenianus, and Chonetes granulifera. 

On the face of the hill and in the heavy rock were found, in addi- 
tion, Productus semireticulatus, Orthis rohusta, Cyathaxonia distorta, 

Chaetetes , Lophophyllum infundihulum (?), Fusulina cylindrica, 

Rhynchonella uta, and Naticopsis wheeleri. 

A few rods east of the depot at Iowa Point there is a good ex- 
posure of the thin systems which lie above the heavy limestone. 
This rock, which was exposed along the levee when the place was 
first settled, is now under a cultivated field on the river bottom land. 
The river bank is now nearly a mile away from the old landing of 
the early days. 

SECTION AT IOWA POINT. 

From Iowa Point to White Cloud, and in fact to the Nebraska 
line, very little is seen except the vast hills of joint clay, and these 
the most extensive of any found along the Missouri river in Kansas. 
At White Cloud are two thin seams of limestone, one just above 
th<* valley and close to the railroad track, 2 feet thick, in two lay- 
ers, and an even-bedded layer, close to the water's edge, 16 inches 
thick, which were the equivalents of upper layers at Iowa Point. 
Above White Cloud, for a mile or more along the bluffs, there were 
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above these limestones somewhat heavy beds of drab elavs, in which 
were thin seams of sandstone. The ^hieial drift lies on these shales, 
and above all are immense bluffs of joint elajs rising from 200 to 
300 feet. 

As can be seen, the line of our section left the Missouri river at 
Doniphan station, striking it again just below low^a Point A few 
observations, however, were made on the east side of the county, 
and also north of Troy, the count v seat. 

First, going down Mos<]uito creek directly north of Troy, to the 
Missouri river. About a mile from th<» town the tirst limestone is 
sec^n. On the top of the ex[)osure two thin layers were visible, sep- 
arat(»d by about 1! feet of shales, then a little lower a 10-foot ledge 
of limestcme (No. 18(5 of I'roadhead), then a couple of miles or so 
farth< I- down two other thin svstems of limestone, 2 and 4 feet thick 
n-spectivcly. Tlu» 1-foot bulge was but 10 fi»et above the water in 
the Missouri river, and 10 f<»et above* that the 2-foot ledge, with 
shales above the latter. 

Going on the downward grade of the Grand Island railroad, from 
Troy to St. Jos(»ph, Mo., there are several exposures. One-half mile 
fnmi Troy east is the* heavy top rock of Hrenner (No. 18G, Broad- 
head). Five fiM»t or so of it only could be seen. At Blair station 
the thin limestonc^s below it are visible. West of Wathena one mile 
the heavy gray Oread limestone of Atchison apiK»ars in the railroad 
cut. At Wathena, a village on the river bluffs, the Oread rock is 
llOi Hmm abuv(» the railroad gradt^ at tlie depot. In the quarry here 
but 15 feet of it were exposed. It has all th<» lithologic and paleon- 
tologir chjiract^M'istirs her(»; small qujiutilics of chert, and not 
many fossils, although various forms were found, and some few fos- 
sils in good j)r(»servation. This limestone is also ju'esent everywhere 
along th(* Missouii river in the bluffs from Atchison to Wathena 
and up to the point o])posite Amazonia in Missouri. At Amazonia 
the riviT b(»nds rapidly to the west, and this limestcme is soon lost 
sight of in the general northwesterly dip. To determine the exact 
extent of its outt'rop in Dcmiphan county, a more detailed survey 
must Im» liad. At Amazonia, in Andrew county in Missouri, this 
limestone is well exposed. A mile and a half west of Amazonia 
station, on the Kansas City, St. Joseph & Council Bluffs railroad, 
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there is immediately above this heavy limestone and separated by 
about 2 feet of shale, a somewhat oolitic stratum, 14^ feet thick, 
which is the equivalent of the rock that pinches out entirely at the 
Wag^ener quarry at Atchison, and which lies there 4 feet above 
the heavy limestone deposit. But this is the peculiarity of some of 
the limestones, especially those of arenaceous and oolitic structure. 
They disappear and come in again in their proper place. For in- 
stancef the rock at the top of the smelter quarry at Argentine and 
the very top rock at Kansas City, ^fo. (No. 1 of Kansas river section), 
appears but at few places. At Edwardsville, in Wyandotte county, 
it is in its proper place, but at Pomeroy, in the same county, it is not 
seen, nor at Quindaro, while at Connor there is a small outcrop of 
it, and also another at Boss, in Leavenworth county. 

All the thinner systems also are subject to this want of persist- 
ency, although not in so marked a degree; but the heavy systems, 
and especi«ally the gray limestone, are of a veiy great lateral extent 
and nearly of uniform thickness. 

A few general remarks may be made here on the section from 
Kansas City to the Nebraska line. After leaving the Kansas City 
systems of limestones, the two heavy deposits, as seen in figure 3, 
outcropping at the Soldiers' Home and south of there are undoubt- 
edly the equivalent of the (larnett systems, only that the lower of 
the two is not as thin as the same at Eudora, and agrees with it 
more as it appears at Olathe in point of thickness, and the character- 
istic fossil, Sipitrialasma henriplicata was not seen in it. The lower, 
however, we are now persuaded, is the same as the Plattsburg sys- 
tem of Broadhead — his No. 108 — and the upper, his No. 112. 

Tlie ferruginous breccia ted limestone of the low^er quarries of 
Fort T^avenworth mav be the continuation of the thin limestone 
system in the Lawrence shales, seen at the horizon of that town. 
The upper Oread and the heavy limestone of Atchison must also be 
considered as equivalents. 



CHAPTER III 



A GEOLOGIC SECTION ALONG THE NEOSHO AND 

COTTONWOOD RIVEBS. 

BY M. Z. KIRK. 



A.— The Neosho River Section: 
Ft'jTTi th^- Alii'Ki«>-iMiian Formation of thf- Indian Territoo' to Council Grove. 

The Cherokee Shales. The Carlyle Limestone. 

The Oswego Limestone. The Lane Shales. 

The Pleasanton Shales. The Gamett Limestone. 

The Osage Mission Well. The Lawrence Shales. 

The Erie Limestone. The Hartford Limestone. 

The Thayer Shales. The Emporia Limestone. 

The Chanute Well. The Americus Limestone. 

The lola Limestone. The Cottonwood Falls Limestone. 

The lola Well. Summary. 

B. — The Cottonwood River Section: 
From WyckofT to Cedar Grove. 

Phenis Mound. The Cottonwood Falls Limestone. 

Anticlinals and Synclinals. 



A. THE NEOSHO BIVEB SECTION. 

THE CHEROKEE SHALES. 

The northwestern limit of the Mississippian or Sub-Carboniferous 
formation along the Neosho river was not definitely determined. 
It may he at a point about 14 miles below the south Kansas line, at 
the top of a sandy limestone system which now and then assumes a 
shaly aspect; or it may be some miles below^ Miamitown, a little 
further down the river. Nothing exactly corresponding to this 
formation is known within the state along the contact line between 
the lead and zinc bearing limestone of the Mississippian and the 
Coal Measures, although frequently a sandstone seems to lie at the 

(72) 
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base of the latter. Above this point for 15 miles or more nothing 
is exposed along the river bluffs but shale, which here and there 
assumes such an arenaceous character that it would almost do to 
be called a sandstone, and a few seams of coal which usually are so 
thin they have but little commercial value. The Cherokee shales 
along the Neosho river have a slight dip to the northwest, but about 
a mile and a half below the mouth of Four-Mile creek there has been 
a considerable disturbance. The shale here has a dip to the south- 
east of four feet to the hundred yards. Coal is mined for local use 
from numerous small veins in the vicinity of Melrose. There are 
also several small "strippings" between Chetopa and Oswego. 

The first limestone system encountered is a thin bed found about 
seven miles below Oswego, but on the hilltops it reaches farther 
south. This limestone is not very prominent in the adjoining coun- 
try, and in many places it is either concealed by the soil or entirely 
fails to exist. Possibly it should be correlated with the thin lime- 
stone occurring near Cherokee which is shown in plate IL A num- 
ber of other thin limestones have been noted in the Cherokee shales, 
but presumably they are of little stratigraphic importance, so they 
will not be considered here. 

THE OSWEGO LIMESTONE. 

As Oswego is reached the Oswego limestones are found capping 
the hilltops to the west of the Neosho river. They are fully 450 feet 
vertically above the Mississippian limestone, as shown by the Os- 
wego well in plate III. The Oswego limestone consists of two 
systems, which are separated by a bed of about 4 or 5 feet of 
shale. In the environs of Oswego each limestone is about 10 feet 
thick, but they thicken considerably to the westward, so that six 
miles out the upper one is 21 feet and the lower one 24 feet, as shown 
by the record of a well near Stover. To the northeast the Oswego 
limestone reaches to Fort Scott and even farther. It caps the high 
hills on the divide between Fort Scott and Pittsburgh, reaching an 
altitude of fully 1,000 feet above sea level, from which point it dips 
to the southwest to Oswego at about four feet to the mile. By ref- 
erence to plate III, one sees that the Oswego limestone is about 740 
feet above sea level at Osage Mission. The altitude at Oswego being 
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81lfl ff^-t, and the distance ahrint 25 mile«<. pives the rock a dip to 
the north of a^K>ut 10 fei-t to the milt-. The greatest dip is probably 
to the north of went- 

Tlie character of the two strata of the Oswego limestone is very 
similar. Each stratum is com|>osed of a number of distinct layers; 
ffacli one alsfi is relatively rich in fossils. Brachiopods occur in con- 
siderable abundance and well-pres4'rved fossil coral is plentiful, 
particularly in the upiM-r one, as is ^ven in detail by Mr. Bennett 
in chapter IV. The rrxk is a compact, solid limestone of a light buff 
color and is suitable for building pur|K>s(*s of all kinds when it can be 
obtained of sufficient dimensions. In addition to the fossils the 
upfK'r one contains quite an aliundance of flint nodules. 

Tlie first shales below the lower limc^stone and the one between 
the two are int<*nsely black, and are filled with nodular concretion- 
ary bodies from a half inch to three-fourths of an inch in diameter, 
and whi<h help to recognize the shales. At Oswego the limestone 
is fully 120 feet above the water in the river. It can be traced 
over the bluffs and ahmg the hills to the vicinity of I>aneville, where 
it disappears under the river. Throughout this entire distance 
these black shales are very proniin<*nt. 

The Pawn<*e limestone is separated from the Oswego by 30 or 
40 feet of sandstone and shale. It occurs on the first hilltops north 
of Laneville, and caps the hills to the southwest. It disappears 
under the water 8 or 10 miles below Osage Mission. This limestone 
is (juite irregular, varying fnmi 8 to 10 feet near Laneville to 25 or 
30 f<*et near U<Mlficl(l to the west of Fort Scott. 

THE PLEASANTON SHALES. 

Inimediatelv overlving the Pawnee limestone are the Pleasanton 
shales which are ov<*r 250 feet thick as shown bv the Chanute well 
in plate HI, and also in plate IX, figure 1. About the middle of this 
bed verticallv is found a small laver of limestone which is so thin 
and from the best r<M'ords of so uncertain an extent that it will be 
m<*ntion<»d onlv in connection with these shales. The Pleasanton 
shah's in many ])laces grade into many different varieties of sand- 
stone that are of great importance* on account of their thinness of 
layer and smoothness of surface, which renders them unusually 
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desirable for flagging stone. In section 13, township 30 north, 

range 20 east, on the land of A. G. Robinett, extensive quarries are 

opened, from which large amounts of flagging stone are taken to 

neighboring towns — Parsons, Osage Mission, and other places. At 

this point the Neosho river brushes against a precipitous bluff on 

the western bank, where a splendid section may be observed, as 

follows: 

Surface soil and gravel, 5 feet. 

Limestone, 8 fet^t. 

Yellow to red sandstone, 8 feet. 

Bluish sandstone, 45 feet. 
It is the latter that furnishes the best flagging stone. To the 
northeast the same formation includes the famous Bandera and 
Gilfillan flagging stone which are shipped so extensively over the 
state and known as the Fort Scott flag. At each place the flagstones 
are quite shaly, so they lack a great deal of being pure sandstone. 
At other places they become more [)ure, the layers becoming thicker 
and would furnish good dimension stone. Mr. Josiah Kimmel has 
opened a quarry in such stone in section 23, township 30 north, 
range 20 east. Although sandstone seems to be so abundant, yet 
it should be clearly stated that the ju'cdominant part of the system 
is shale, so that it is i)roperly called a shale formation. Within 
two miles to the south of Robinett's quarry this excellent flagstone 
is almost entirely changed to a shale. These flags and red sand- 
stones are cov(Med by the thin irregular layer of limestone, as shown 
in the section given above. This rock formerly was quarried quite 
extensively along the river to the south of Osage Mission. To the 
west of Osage Mission the Pleasanton shales are quite varied in 
character, portions of them being dark and bituminous while other 
portions are light colored and arenaceous. 

THE OSAGE MISSION WELL. 

The town of Osage Mission rests on the Pleasanton shales. Sev- 
eral years ago a well was bored here with a diamond drill to the 
depth of 700 feet, which passed through the limestone near the 
surface, the Pawnee limestime, the Oswego limestone and pene- 
trated the Cherokee shales about 400 feet without passing through 
them, as shown in plate III and in jilate XV, figure 2. 
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THE ERIE LIMESTONE. 

Immediately overlying the Pleasiinton shales one finds an impor- 
tant limestone which has been called the Erie limestone on account 
of its extensive development both north and south of Erie. It is 
exposed on the hilltops to the west and southwest of Osage Mission, 
but here it is only a few feet thick. It increases in thickness to 
the northwest until it reaches its maximum of nearly 100 feet be- 
tween Shaw and Austin. This group is divided into three more 
or less distinct systems. Northeast of Erie, at Uniontown, these 
systems are entirely distinct, and Mr. Bennett has called it the 
Triple limestone. The great difference in thickness at different 
points is largely due to the planing off of the upper surface by ero- 
sion, producing a wedge-shaped mass. To the southwest the Erie 
limestone covers the high ground between the Neosho and Verdi- 
gris river and extends into the Indian Territory beyond Coffeyville. 
In this region the three systems are separated by heavy shale beds 
as shown by Mr. Adams' section in chapter L 

On the whole, the Erie limestone constitutes one of the most ex- 
tensive and most important limestone systems in the state. This 
is bv far the heaviest and most constant limestone svstem reached 
thus far above the Mississippian. The <iuality of the Erie lime- 
stone is varied. Where it is w<»athered it seems quite porous, 
due to the unequal degree of solubility of the rock. In protected 
places it is firm and compact and would make an excellent building 
stone. At one place in a railroad cut between Shaw and Erie the 
rock assumes a wonderfully breccia ted texture. The extent of such 
a texture was not determined, but it must be quite limited, for no- 
where else was it observed. 

THE THAYER SHALES. 

Above the Erie limestone is another svstem of shales «and sand- 
stones which to the northwest reaches a thickness of about 100 feet, 
as given by Mr. Bennett in chapter IV. Along the Neosho river 
secticm it possibly does not exceed J)0 feet, and the drill records at 
lola show tlie shales to be even less than 75 feet. It reaches its 
maximum thickness to the southwest and for this reason they were 
named the Thayer shales in chapter T. This system is first encoun- 
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tered on the high hills northwest of Osage Mission. These shales 
and sandstone to the south of Chanute and west of Austin have not 
been protected by a strong limestone system and hence the hills 
have been w^eathered and rounded. At places along the eastern 
bank the sandstone has increased in thickness and the weathering 
has been more irregular. Here as elsewhere sandstone appears and 
disappears with great readiness. Around Thayer the sandstones 
appear in heavy beds, some of which produce excellent building 
material. 

THE CHANUTE WELL. 

The Chanute well record gives us a very good check upon our 
stratigraphical work, as shown in plate m and plate XUT, figure 2, 
The latter gives the exact thickness of the different strata passed 
through. By reference to plate HI it will be s(»en that this well 
was begun in the Thayer shales and passed through the Erie lime- 
stone, the Pleasanton shales, the Pawnee limestone, Oswego lime- 
stone, Cherokee shales, and into the Mississippian limestone. This 
give us a vertical section at this place of DGO feet, and permits us 
to determine the dip of all the strata from Oswego towards the 
northwest. The surface of the Mississippian at Oswego is 390 feet 
above the sea level and at Chanute is 40 feet below sea level. The 
distance is 42 miles, which gives us a dip of a little more than 10 
feet to the mile. At Chanute the Cherokee shales have about the 
same thickness as at Oswego, so the dip of the Oswego limestone 
is the same as that of the Mississippian. 

THE lOLA LIMESTONE. 

To the west of Chanute the hills are covered with a thin stratum 
of limestone. As we trace it to the north we find it gradually 
grows thicker until we reach lola where it is 40 feet thick. Along 
the section from Chanute to lola we have a splendid illustration 
of the way erosion has worn this great mass of limestone down 
to a feather edge, as seen at Chanute and along the hills to the 
northeast and southwest. The lola marble quarries are situated in 
this system, and for this reason it has been named the lola limestone. 
It is probably the heaviest and most persistent limestone in the 
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Htate. It has been traced from the si>uth side of the state west 
of the Verdi^iH river to the east line of the state near La Cygne, 
and from there northward to Kansiis City, where it constitutes the 
heavy limestone near the tops of the bluffs, as shown in plate II and 
plate VI of this report. The rharaeter of the rock is remarkable, 
particularly refi:ardiug the unusually thick layers it produces. In 
this resiK'ct it surpasses any limestone system in the state. On 
this account rock of almost anv dimension can be obtained from 
it, as is practically demonstrated at the lola quarries. The inclosed 
fossils, which are fully desrrilK*d by Mr. Hennett in chapter IV, 
often produce very pretty figures iu a piilished surface. 

THE lOLA WELL, 

We are so fortunate as to have the record of a diamond-drill well 
at this place, as given in plate X^^ figure 1, and plate III, which 
not only gives the exact thickness of the lola limestone, but all of 
the systems down to the ("herokef* shales. The lola well is found to 
agree almost exactly with the Chanute well, as it also does with 
the Humboldt well. These drill records are as accurate as could be 
procured, and the well sections are all drawn to scale and represent 
the exact facts. Having the records of so many wells it has been 
quite easy to correlate the dift'ereut limestone systems occurring in 
dill'erent parts of the state as shown by the dotted lines in plate IIL 

THE CARLYLE LIMESTONE. 

Above the Tola limestone lies a bed of hard, sandy, brittle shale 
which has a thickness of about 75 or 100 feet, although in lola it is 
probably not quite so heavy. Above this another limestone sys- 
tem begins, and is first seen below lola forming a stratum of 4 or 
5 feet, capping the bluff just northeast of the quarry in the lola 
limestone. This upper system extends to the northeast and is 
abundantly exposed at the little railroad station, Carlyle, five miles 
north of lola, and for this reason is known as the Carlyle limestone. 
Farther up the river from lola it increases to the thickness of 15 or 20 
feet, but is nowhere a very heavy limestone system. It is exposed 
along th<» hills to the vicinity of Neosho Falls. 
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THE LANE SHALES. 

First above the Carlyle limestone is a heavy bed of shales which 
in some places carries larjj:e quantities of sandstone. The sandstone 
hills west of Neosho Falls are in these shales, which have been 
named the Lane shales (chapter II) on account of their prominence 
in the vicinity of Lane. Northeast of Neosho Falls is a broad, rich 
river bottom, while at Moody station the high sandstone bluff 
approaches the river. Just south of Moody these Lane shales are 
about 120 feet thick, and at this point they contain so much sand- 
stone that the north and east sides are very precipitous. 

THE GARNETT LIMESTONE. 

To the west of Moody the high hills are capped with two strata 
of limestone which are separated by 8 or 10 feet of shale. This 
system was traced from these hills to the river at Burlington. To 
the south of Burlington are a number of quarries one of which lying 
east of the Taylor horse-farm has been worked quite extensively. 
These strata are quite thin, being only 10 or 12 inches respectively 
two miles south of Burlington at the above-named quarry. On ac- 
count of its prominence around Burlington this system has been 
called the Burlington limestone, but it is also quite an important 
system near Garnett, so it may bear the name of Burlington or Gar- 
nett limestone. This system has a peculiar blue color, which is es- 
pecially noticeable near Burlington. The upper stratum is a good 
bjiilding stone while the lower crumbles upon exposure. 

THE LAWRENCE SHALES. 

Above the Garnett limestone is a heavy shale formation which 
in places is quite sandy. It has been traced to the northeast 
to the vicinity of Lawrence where it constitutes a heavy and im- 
portant shale bed. It has been known as the Lawrence shales. 
It extends several miles above Burlington, j)roducing the wide bot- 
tom lands in that vicinity. The small hills to the west are very much 
eroded and rounded until we reach the Strawn limestone which com- 
mercially is rather an unimportant system. It is exposed along the 
hills to a point a short distance above Strawn station. 
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THE HARTFORD LIMESTONE. 

The limestone which passes under the river at Hartford will be 
called the Hartford limestone. It is separated from the Strawn 
limestone by at least 60 feet of sandy shale w^hich is exposed along 
the blnff near the railroad above Strawn. The Hartford limestone 
at this place has a peculiar appearance and weathered surface 
caused by the small seams in the stone bein^ filled with crystals 
of calcite which have resisted weathering better than the surround- 
ing limestone material. At the bridge about a mile east of Hartford 
this limestone is of a light color where it is exposed to the weather. 

The next limestone system above the Hartford is separated from 
the latter by about 50 feet of shale. At the church just south of the 
junction of the Cottonwood and Neosho rivers another limestone 
system is seen on the top of the hills from which place it extends 
up the river almost to Emporia. It will be known as the Wyckoff 
limestone, as it is prominent in the vicinity of that town. It is ex- 
posed at Humphrey's ford and is about 4 feet thick in Coal creek 
to the southeast. 

THE EMPORIA LIMESTONE. 

Above the \Vyckotf limestone is a heavy bed of shale as exposed 
along the hills to the southeast of Emporia. In the road and ra- 
vines to the north of Wyckoff occurs the Emporia limestone. It 
was first seen in Chicago Mound, which is near Wyckoff, and is bj 
far the largest hill in this vicinity. This rock has been quarried to 
some extent at Emporia and to the northeast it has been quarried 
for street and bridge purposes. This system disappears under the 
river, near Emporia water-works. 

THE AMERICUS LIMESTONE. 

Above the Emporia limestone is quite an extensive shale bed as 
seen on the water reservoir hill at Emporia. The hills to the north 
and west are capped with two thin layers of limestone which are 
about 4 feet a])art. This system is of greatest commercial inter- 
est west of the river opposite Americus, in the northwest quarter of 
section 1). At this i)hice it is about 20 feet above the river bed. 
The upper stratum is of a bluish color while the lower is a light 
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buff stone and is about 10 inches thick, very solid and compact. 
Splendid dimension stone has been taken out of the Stevens 
quarry at this place to be used at Emporia, Hartford and elsewhere. 
The position of the Americus limestone is shown in plate ILL 

THE COTTONWOOD FALLS LIMESTONE. 

Passing on up the hill to the west from Stevens' quarry one crosses 
a shale bed about 50 feet in thickness before reaching the lower Dun- 
lap limestone. This system is composed of two strata separated by 
about 20 feet of blue shale. The upper stratum furnishes some good 
stone at Dunlap. The system is of much less importance than the 
one about 25 or 30 feet above it which is known as the Cottonw ood 
Falls limestone. The latter is exposed upon the hills north of Dun- 
lap and can be traced along the hillside to the Joseph Dutcher 
(quarry about three miles northwest of Dunlap. Here the limestone 
is 5 feet G inches thick and is quarried quite extensively for rail- 
road and building purposes. It is a very pretty light colored 
stone and caji be obtained in large blocks. It is also quite easily 
cut into pieces of any desired size and shape. Material is shipped 
from this quarry to various parts of the state. Although the stone 
is first-class they are not as well supplied with machinery for cut- 
ting it as at Cottonwood Falls and elsewhere. This Cottonwood 
Falls rock ])asses under the surface near Council Grove. 

SUMMARY. 

This completes the Neosho river section from the Mississippian 
formation to the Cottonwood Falls limestone. In making the draw^- 
ings for the sections given in plate III it was found necessary to 
exaggerate the thickness of nearly all the limestone systems and 
at ihe same time some small shale beds had to be omitted. In the 
drawing only general facts could be represented but this has been 
d(me with as great accuracy as possible. The section given in plate 
III represents all the important limestone systems, but future 
study may and probably will develop a few more small systems. 
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B.-THE COTTONWOOD RIVER SECTION. 

From Wyckoff to Cedar Grove. 

Let US now return to the junction of the Cottonwood and Neosho 
livers near Wyekoff and trace the section along the Cottonwood 
river, as shown in the lower part of plate III. The Wyckoff lime- 
stone, as has been stated, is seen along the Cottonwood river below 
Kinj)oria at Humphrey's ford and elsewhere. This stone is sepa- 
rated from the PJmporia limestone by 40 or 50 feet of shale. As we 
pass uj) the Cottonwood river the Emporia limestone is first observed 
along the hilltops about four miles south and one mile east of Em- 
poria. It is also exposed on the top of the hill just south of the 
I'hurch in section 'M\, township If) north, 11 east, at which place the 
limestone is about 5 feet thick. It continues westward, but as 
the surface* rises rapidly it soon passes under the ground. This sys- 
tem is characterized by being so full of seams that no large pieces 
can be obtained. Mr. Curtis has a (pmrry in section 28 of the town- 
ship mentioned above. lie finds a considerable market for the rock 
in Emporia where it is used for walling cellars, wells, and for mak- 
ing other structures for which large dimension stone are not re- 
quired. 

PHENIS MOUND. 

As one approaches Phenis Mound (which is probably twice as high 
above the river as any hill near it and is approximately 300 feet 
above the river) from the Curtis quarry one crosses at least 40 feet 
of shale before striking another limestone system. This limestone 
ai)pears in a small ravine about half way up the mound and extends 
to the northwest bevond IMvmouth. Thirtv feet above this another 
limestone system is found which is composed of two strata separated 
from each other by 10 or 12 feet of shale. It extends almost to Cot- 
tonwood Falls, and is seen along the branch railroad just east of 
the Cattonwood Falls quarry. It has bcH^n quarried at a number of 
places between Phenis Mound and Cottonwood Falls but not very 
extensively compared with the work done in the heavy limestone 
80 feet above. 
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THE COTTONWOOD FALLS LIMESTONE. 

This important limestone system appears on the summit of Phenis 
Mound, eight or nine miles below Cottonwood Falls. At this place 
a few small porous fragments are found covering an area about 25 
feet square at the very summit of the mound. This system is quite 
prominent at the famous stone quarries owned by the Retticker 
IJrothers, about 2^ miles east of Cottonwood Falls. At this place we 
have the following sections: 

Beginning on the hilltop we find about 30 feet of soil, gravel and 
shale, in the latter of which marine invertebrate fossils are unusually 
abundant. They weather out on the hillside above the limestone. 
Below this is the Cottonwood Falls limestone, which is composed of 
two layers, the upper one being 2^ feet thick and the lower one 3. 
Each layer is remarkab\v uniform and particularly free from ver- 
tical fissures. These properties render the stone the most valuable 
for building purposes of any thus far extensively operated in the 
state. It is possible to obtain masses of almost unlimited size with a 
thickness of 2^ or 3 feet. By splitting or sawing the layer, flagging 
stone of any desired thickness and 20 or 30 feet long can easily be 
obtained. I$elow this stone is about 30 feet of shale, but it is not 
nearly so silicious here as along the Neosho river. Below this is the 
upper stratum of the Dunlap limestone system. In character the 
rock is quite similar to the Cottonwood Falls limestone and has 
been quarried considerably, but the operations were finally aban- 
doned on account of the thinness of the Myers and the large amount 
of stripping necessary. Below another 9 or 10 feet of shale the 
lower stratum of this system is found. It difl'ers radically from 
the upper one, being much finer grained and more compact in tex- 
ture, and in having so many vertical fissures that it is impossible to 
work it into dimension stone. Yet for ballast and for structural 
purposes where small pieces are wanted it is quite valuable. It has 
a subconchoidal fracture, a dark bluish gray color, and its blocks 
are so angular that it is locally known as "joint-rock." 
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ANTICLINALS AND SYNCLINALS IN THE COTTONWOOD FALLS 

SERIES. 

Altlioiijrh the Cottonwood Falls limestone passes downward out 
of sight about a mile above Strong City it again appears about 
two miles farther west. There is thus produced a very pronounced 
synclinal trough the limbs of which make an angle with the hori- 
zontal of fully 100 feet to the mile. The synclfnal axis trends north 
and south so that the same conditions are observed on both sides 
of the river, although the valley here is fully three miles wide. In 
fact the exposures on the south bank are better than those on the 
north, so the irregularity in position can be better studied. As one 
passes westward along the wagon road from Cottonwood Falls the 
limestone is seen to pass under the first little hill west of the town 
and is seen no more throughout a distance of about two miles. Sud- 
denly it is seen to rise out of the ground making an angle of three 
degrees with the horizontal. The first limestone beneath it also 
appears only a few rods further west, so that seemingly the two are 
entirely conformable with each other. From this place they con- 
tinue to rise westward to the high hilltop just east of Elmdale Mills. 
As this hill is higher than the one on which the Cottonwood Falls 
(|uarry is located and is five miles to the west one may readily see 
the importance of this great synclinal trough. Had the limestone 
continued to dip to the west at the angle common to most forma- 
tions in this part of the state it would be at least 200 feet below 
the hill at Elmdale Mills instead of being on its very summit. On 
the north side of the river there are two synclinal troughs about a 
half mile apart. Along the side of one of these the dip for a short 
distance is fully four degrees, which is the equivalent of about 375 
feet to the mile. Westward from Elmdale Mills the limestone is 
almost horizontal for several miles, but finally again dips to the 
west and ])asses out of sight between Clements and Cedar Grove. 
This is the most pronounced instance of either anticlinals or syn- 
clinals in the whole area of the Coal Measures. No evidence was 
available which had a bearing on the question of its cause, so that 
at present a I least we are left in doubt regarding its origin. Its ex- 
istence is a fortunate one, however, for this valuable limestone 
series is thereby again brought to the surface so that it may produce 
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a larger quantity of the most excellent building stone which it fur- 
nishes. The quarries at Elmdale Mills and Clements are located 
in it, and at many other points equally good opportunities exist for 
the opening of extensive quarries, which sooner or later probably 
Mill be done. 
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A GEOLOGIC SECTION ALONG THE MISSOURI PACEPIO 
RAILWAY FROM STATE LINE, BOURBON COUNTT, 

TO TATES CENTER. 

BY JOHN BENNETT. 



Section at State Line. The Pleasanton Shales. 

Section at Fort Scott. The Erie Limestone. 

The Oswego or Ft. Scott Limestone. The Thayer Shales. 
The Pawnee Limestone. The lola Limestone. 

The Carlyle Limestone, 

The line of this section, as can be seen on the accompanying state 
map, trends almost east and west. The road follows the valley of 
the Marmaton for nearly its entire distance through Bourbon 
county, then crossing over the divide reaches the valley of the 
Neosho river at lola in Allen county, thence passing west again 
reaches the higher country at Yates Center in Woodson county. 

SECTION AT STATE LINE. 

Beginning in the bed of the Marmaton river, a mile or so east of 
the state line, in Missouri, we find near low-water mark, coal 15 
inches thick; then above the coal 7 feet of shale, and again 4 inches 
of coal; then ascending through shale 4 feet there is another seam 
of coal 10 inches thick, then 4 feet more of drab and blue shales, and 
above this are 8 feet and 9 inches of very dark bituminous shales, the 
lower section of which for 2 feet is excc^edingly firm and slaty in 
structure, having imbedded in it large concretions of very hard clays 
mixed with j)yrit(» which will measure from 1 to 2 feet in diameter. 
These peculiar forms occur in connection with the Fort Scott coal, 
and will be noticed more at length when discussing them. Above 

(8G) 
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this firm stratum in the bituminous shale bed are two lenticular beds 
of argillaceous limestones which contain many specimens of Pro- 
ductus cestrieneis. Capping all there is found what is locally known 
as the "diamond rock." It is a limestone in one stratum in which 
the vertical seams divide it into rhomboidal or diamond-shaped 
masses, from which the name is derived. 

* At the state line we find the same section in part. Our second 
seam of coal, however, is in the bed of the Marmaton, where, instead 
of 4 inches, it has thickened to G inches, and the 4 feet of clay shales 
above it and between it and the next coal has thi(*kened to 10 feet. 
Into this shale there seems to have been interjected here and there 
bodies of a very hard rough rock. Figure 4 from Fort Scott shows 
the same formation. The upj)er seam of coal is here thickened from 
10 to 22 inches. At this i)lace the rest of the section was hidden by 
the soils of the valley until the "diamond rock'' was reached, which 
stratum passes below the waters of the river a mile and a quarter to 
the west of the state line, and immediately below it in this latter 
place is found a thin seam of coal. A few of the common fossils of 
the Coal Measures are found in this rock. 

SECTION AT FORT SCOTT. 

Between the last mentioned limestone and the celebrated "rusty 
coaP' of Fort Scott lies a heavy body of clay shales varying from 
55 to 60 feet in thickness. At places between the state line and Fort 
Scott there are large exi>08ures of it, and wherever so exposed it is 
concretionary in structure. In the bed of the river at Fort Scott 
there is a thin Layer of limestone in the shale about 30 feet from the 
top. Here also, as seen in the railroad cut near the "plaza,'' is a 
peculiar structure. For some feet below its contact with the "rusty 
coal*' small masses of limestone containing fossils are found in it. 
In places they look as though thrown in at random, then again they 
seem to pass down through it for several feet in vertical layers. 
See figure 4, illustrating this peculiar structure. 

The "rusty coal," which lies above the shale varies from 13 to 20 
inches in thickness, and is mined at the foot of the hills, generally 
by stripping, from the state line until it passes out of sight by dip- 
ping under the higher geologic strata three miles west of Fort Scott. 
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Over almost the entire eastern part of Bourbon county it has been 
mined continuously since the early settlement of the country, and it 
was the main source of fuel supply in early days to the Kansas City, 
Fort Scott & Memphis railroad. It is known in the markets as the 
"Fort Scott red coal." 

Above this coal is a very dark bituminous shale 8 feet in thick- 
ness and in places very firm. Large spheroidal and sometimes 
compound spheroidal concretions a foot or more in diameter lie at 
its base, partly in the coal and partly in the slaty shale, (see figure 
4). These concretions are generally somewhat fiattened an^ are 
found at the doors of many residences in Fort Scott, where they are 
utilized as hitcliing posts, prepared simply by drilling a hole in one 
of tlieir flattened surfaces, and fastening a ring therein. Many 
small ball like concretions, as well as irregularly shaped bodies, are 
to be found in this shale. They formed originally around some 
portion of a coal plant, the shell of a mollusk, a crustacean of the 
shrimp family, or tooth or dermal plate of a fish. They are of all 
dimensions, from half an inch or less to an inch in diameter, the 
irregular forms sometimes reaching six inches in length, but never 
thicker than the rounded forms. The predominating form which 
constituted the nuclei was the shell of the little brachiopod Discina 
nitida. While concretions similar to those which are found in this 
shale and the shale first above it are also found elsewhere, yet in 
no other strata of the region are they to be found in such lavish pro- 
fusion. This shale is of great lateral extent and is noted for its per- 
sistent lithologic characteristics, being very dark and abounding 
in these nodular forms. 

THE OSWEGO LIMESTONE. 

Immediately above this interesting shale bed lies the first impor- 
tant limestone of our section. It consists of a single stratum^ which 
is 4^ feet thick, the vertical seams in which cut it into large blocks. 
These blocks are flat at their base, although they do not lie directly 
on the shales, for a few inches of argillaceous limestone comes 
between. This little seam giades from a pure buff clay to a firm 
rock structure, the firmer portions on some little exposure being 
easily split up into very thin horizontal sections. The upper per- 
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tions of the blocks are rounded, giving the surface where some time 
exposed a rough appearance. Where recently exposed this rough 
surface is leveled up by hard calciferous clays, the effect of which 
is to take away the rough appearance of the upper surface. The 
local name given to the limestone is the "cement rock," from the fact 
that the Fort Scott hydraulic cement is made from it. At the 
cement mill, north of the Marmaton, on the Kansas City, Spring- 
field & Memphis railway, it is quarried extensively and burned by 
the underlying coal. On long exposure the limestone breaks into 
angular fragments of all dimensions, and it weathers buff, although 
originally of a light gray color. It is noted for its large crinoid 
remains — the calcareous columns of these plant-like animals reach- 
ing a diameter of li inches. They occur all the way through it, but 
more frequently in the clays immediately below. Exceedingly lai'ge 
vaiieties of Mrchrna Htriato-costata, Productus punctatus, Athyris sub- 
tilita, and oth(»r organic remains are to be found in it. A coral 
mentioned in the system of limestones above this has an existence 
li(Me (Chvtctcs tniUipor(urous), also another coral Syringopora, 

Between the "cement" limestone and the system intimately asso- 
ciated with it above, is a stratum of clay and bituminous shales. 
The latter form the greater part, and at their middle lies a thin coal 
vein, nowhere over an inch thick along the Marmaton where seen, 
and frequently in the same region altogether wanting. At the 
summit of this shale is a yellow clay streak varying from 4 inches 
to a foot which yields a minute form of the characteristic coal fossil 
Chonctes mcsoloha, also many of the dorsal valves of Spirifer piano- 
coniexus. The concretions found so abundant in the bituminous 
sliales below are found in like quantities and peculiar forms, in 
these similar shales above. 

In our upward course we have now reached one of the most re- 
markable limestones in our whole series. It runs from 10 to 14 feet 
in thickness. The lower layers are somewhat evenly bedded, with 
frequent vertical seams, making it easily quarried. This part of it 
is fairly good building stone, as can be seen in many houses made of 
it in Fort Scott and the neighboring country. The upper section 
of it, however, is unevenly bedded, and tells the story of its origin 
so full of interest to the paleontologist. It takes him far back into 
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the dim and misty past, when innumerable poljp life built up their 
«tony abodes, and left a coral reef for the citizens of Fort Scott to 
erect their homes upon. Vast quantities of this coral have been 
crystallized until scarcely a trace has been left of its original con- 
dition, but much of it is yet found with its cells as plainly risible 
as on the day the coral builder put his filmy i>arting In the honey- 
coml>ed apartments which he builded so well. In preology his hoase 
is known by the name of ChaetetvH milliporaceous,* Everywhere 
skirting the hills of eastern IJourbon county this rock is to be found, 
and in Crawford county to the south are numerous and interesting 
exposures of it with its abundance of iliaetetes mUUporaceus. This 
limestone <'Xt<*nds east of Fort Scott into Missouri, and to the west 
is seitn for the last time near the bed of the Marmaton- three miles 
west and two miles south of the city. The Fort Scott, Springfield 
& Memphis railway rests upon it from Fort Scott to Fulton, a dis- 
tance* of !.*{ miles. At tlie latter place it dips below the surface, as 
is shown on plate II. Its general dip, like all the rocks of the coun- 
try, is to the northwest, but locally its position is quite horizontal. 
Sometimes it even ris(»s towards the* west and again dips very rap- 
idly, forming anticlinals and corresponding synclinals. 

Tiiere are good exi)osures of this interesting rock at the military 
bridge*, one mile east and one mile north of Fort Scott, and at the 
.Missouri Pa<-ific railway cut near the plaza in Fort Scott, where tlie 
whole s(Mi<»s from 1.") fe(*t below tin* *'rusty coal" up to this rock is 
exposed, as jiartly sliown in figure 4; again on tlie west side of the 
city by th(? cutting for (h(» Minden branch of the Missouri Pacific 
railway, and again on th<» Missouri, Kansas & Texas railway to the 
southw(*st of th<» citv three miles. 

« 

In the lower section of this limestone the abounding and char- 
acteristic fossil is the Spirifera marthila, specimens of which can 
scarcely (*ver be taken out of their firm matrix in good condition. 
Th(» <*oral so abundant in this syst(Mn is nevertheless found in great 
quantities in the next limestone above, at its very summit, but it has 
not tlie lat(»ral extent, as far as observed, which it has in this one. 
Th<*se two limeston(»s combined, the **cement rock" and the coral- 



* Accortliiif; to Zittln, this is not n coral, but a inolhisk of the order Bryozoa. 
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bearing rock, have been named the Oswego, or Fort Seott lime- 
stone. 

Over this limestone is a heavy bed of arenaceous and somewhat 
micaceous shales, varving from 35 to GO feet in thickness. At the 
state line it is OOi feet thick, at Fort Scott but 31), and at Rock 
school-house, four miles southwest of Fort Scott, it is 80 feet thick, 
made so probably by the rapid dip of the limestone immediately be- 
low. The dip to the west here is 25 feet in 1,500 feet. 

Near the base of this shale bed and at its summit are everywhere 
to be seen two bituminous layers, the lower one yielding some coal 
in one place southwest of Fort Scott, where it is mined by strii»ping. 
Here it is an intensely black coal and lies in a bed of blue clay shale, 
not a particle of bituminous shale being in connection with it. This 
was a feature nowhere else seen in the coal deposits of Rourbon 
count V. 

Dividing this whole body of shale into nearly three equal parts 
there are again two other streaks of bituminous deposits, which, in 
a few places, yield small quantities of coal. One of these coals, the 
upper, is capped by a calciferous clay quite cemented in places, and 
largely made up of broken shells and crinoids. There are many 
fossils iu it unbroken but so covered and cemented in the clays that 
cl(»an sjiecimens cannot well be secured frcmi it. The prevailing 
types are Derhyl (hemipronites) vrassus, Chonetcs mcsoloha; (in abun- 
dance) Athip'is suhfUita; Tophophyllum prolifvnnn: Campophyllum 
torquim, Zvavrinus, and a small gasteropod. 

Near the top of this shale at the Missouri state line, but IG feet 
from the limstone above, is found 2 or 3 feet of gray lime- 
stone in thin layers fnmi half an inch to 3 inches in thickness, 
which may be called, foi' want of a better term, shelly lime rock, on 
account of its laminated condition. This rock is not seen as far 
west as Fort Scott, but has an equivalent in a calcareous clay of a 
few in<*hes, and continuing fossils such in all respects as I have just 
above describ(*d. These shales carrv sandstone in certain locali- 
ties which are quite firm, but possibly not firm enough for building 
purposes. Such a condition is found a couple of miles west from the 
state line, in the road, directly east of Fort Scott. 
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THE PAWNEE LIMESTONE. 

The next rock m sup(*iiiicuinbeiit order to this is a limestone, of 
which much is exposed in IJourbon county. It is in its total thick- 
ness where seen ii5 feet, but tliickened according to the records of 
a well at Kedfield to 52 feet. In many i)laces where lying at the 
surface of the country it is a tough, ferruginous rock, somewhat 
brec<iated in appearance. (Jreat boulders of it cover the country in 
places and lie ]»artially imbi'dded in the soils. The lower portions of 
it cap the hills from the state line to some little distance west of 
Fort Scott, where it comes down to the common level of the country 
and begins to show its full thickness before disappearing from view. 
The Joplin branch of the (iulf railroad is laid upon it from near the 
j unci ion south of Fort Scott to Farlington in Crawford county. 
(Quantities of it have been crushed on Pawnee creek, 10 miles south- 
west of Fort Srott, by the Missouri, Kansas & Texas railway for 
ballast. 

On th(» tributari(*s of tlie Marmaton, near the station of that name 
nil the Missouri Pacific railway, are some fine exposures of this rock, 
but on the Marmaton itself two mih»s to the southwest of the station 
is to be s(H'n one of tin? finest of these exposures. The river here 
eiits throujrii it to its base upon the bituminous shales, leaving a 
bold overhanging clilf of l\o feet where the following section is ex- 
l>osed. Heavy layers on toj) and (juan titles of our coral — Chetctes 
milUporarvoHH. Fi-om th(^ top of this rock 2;") f(»et down there are sev- 
eral clay partings, and in those i)artings are pure veins of gypsum 
oncf-sixteenth to one-eighth of an inch in thickness. Below this the 
la vers ai-e somewhat evenlv bedded. 

It will be noticiMl that th(* coral common to this and the two 
members of the Fort Scott system is found in greatest abundance at 
the close of ea<h limestone* forming period. The coral builders in- 
<T«*as(»d in numbers as th(* culminating points of those ancient reefs 
were reach(»d. It will also be noti<*ed that seemingly this coral 
be^/an in the c(Mnent rock, reached its climax in the upper Oswego 
rock, and finally b(»came extinct at the close of the period when the 
rock under consid(»ration was finished. 

In the n(Mghborhood of the clitf already mentioned the Pawnee 
rock yields in good conditicm some few species of fossils, among 
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which are Spirifer martinia; Athi/ris suhtUita ; Spirifircna kentuck- 
icnsis; a ramose coral and columns of crinoidea. The Pawnee 
limestone disappears below the water of the Marmaton a mile and a 
half west of this fine exposure, but at once rises again, and just west 
of Kedfield station, less than a mile farther on, it rises to the height 
of 20 feet above the river, and almost to the level of the railroad 
grade. Again it dips rai)idly and soon disappears below the valley, 
so that at Bandera, a mile west of Kedfield, it is only reached in the 
bottom of a well 20 feet deep. The Redlield anticlinal may have 
been partially formed by the excessive coral building, if the record of 
the well digger is to be relied upon, as he reports 52 feet of this 
rock at Kedfield. The accom[mnying plate IV' shows the entire 
strata so far as described. 

The lateral extent of this rock is tolerably great. Jt extends to 
the southwest to bevond th(» Neosho river, and to the northeast to 
beyond the state line. Professor Haworth in chapter II has named 
it the Pawnee limestone.* 

THE PLEAS ANTON SHALES. 

Next in ordt»r above the l*awnee limestone we find 3 feet of 
clay shales underlying to 10 inches of coal, which in turn is capped 
by a very dark, hard, silicious limestone IS inches thick. Resting 
upon this lies a heavy deposit of arenaceous shales and sandstones. 
We could nowhere measure their entire thickness, but at Handera, 
one mile west of Kedfield, \\u^\ are at least 100 feet thick. Thev con- 
tain the celebrat<»d Hand(-ra, (Tilfillan, and other quarries from 
whence flagging has been ship[)ed to many of the states of the Union. 
Forty feet at least above the black silicious rock these flaggings 
begin at Randera and cimtiiiue up for 18 feet: then heavy sandstones 
and arenaceous shal<»s 30 feet farther to th(^ limestone above. 
Sixty-four feet of these shales are ex[K)sed less than a mile east of 
Redfleld on the bank of th(» river in the lowest trough of the synclinal 
of the Pawnee* limestone. The bed of the Marmaton here rests on 
the black rock which covers the coal seam. 

The attention of tin* r(»ad(»r is here called to the fact that less 
than two miles awav from Kandera these shales have almost entirelv 



•Swallow probably r««f«rs to tliis same liinostonc, nn<l *fivo.s it the same name. 
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f:hsLn'j[fri} rhfir nature. II»'r».'. insstead «»f sand^ones they are drab 
and Mne ar^Ilace<ju?> v»rt aMjniewhat arenace<>as shales. This would 
j^fiow how the nature of our shales mav chan^ in a short lateral 
disfTan«e. and afi-onnts at on*-e for th»f lack of persistency in gup 
«andKton#^. 

in th*' $K>iiiheru part of I^iorinin (i»untv tlaggin«: of the same 
naffjre ij< found in the?**.' shales, un the divide between the Drywood 
and Va^Wfr fTM*ks. In the quarries flagging is tsiken ont in slabs 
from il to 10 inehe7( thi«'k. and are what might be termed an argilla- 
reou?* sandstone. The stone ran be «-iit in anv n'as4>nable size, is 
«|uite tirm and durable, and mueh nf it as true to a uniform thickness 
as if put undnr a planing machine. The ripple and rill markings, 
with tracks of moliusk and crustaceans, are sometimes beautifullj 
presi'rved on the surface of the slabs. Only fragmentary remains 
of the flora however are to In* seen, the remains of animal life being 
nowhere found. 

Hy the erosive forces of the past thin lenticular silicious, calcif- 
eroiis, and cherty layers in these shal?s were the sources in many 
places of tlie common gravels of the roadside and the farm. Occa- 
sionally among these gravels petrified wood occurs. In lateral 
extent this deposit extends to the southern limit of the county, and 
to the north trends away in a northeasterly direction, passing into 
Linn county. 

l*rocc<»ding on upward in the geologic horizon we reach above 
this rich commercial deposit of sandstone another system of Ume- 
8t(me about eight feet in thickness. At the top it is a loose rock, 
th(»u a heavy bed, then in thin lamina, and at the base a conglom- 
critic or perhaps fucoidal rock. Two and a half miles west of Red- 
lleld it li(»s 27 feet above low-water mark in the Marmatcm; but a 
mile and a half fartlier west it forms the bed and ford in the river, 
where an excellent ex])osure is to be seen. In it are to be found 
well pr(*8erv(»d fossils, such as Rhijnvhonella uta: Spirifer martinia; 
KvizUi inormoni, and Spirifer planoconvexus. Of the lateral extent 
of tlM* rock we know but little, but from that little are inclined to 
think it is not verv extensive. 

Th(» next deposit in the upward order is a heavy shale bed, which 
was not measured exactly, but judging from the railroad profile, 
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ami basing our calculations on the general dip, cannot be far short 
(If 150 feet. In its small outcrops it was found to be a clay but 
somewhat sandy shale, having here and there in it lenticular if not 
persistent layers of limestones and sandstones. Not knowing the 
liiiH^slones to be continuous for any great distance we therefore 
treat the whol<» as one svsteni of shales. Fourteen feet above the 
last mentioned limestone there is a layer 2.i feet thick of thinly 
laminated limestone, Which underlies the village of Uniontown. 
One mile west of Fniontown is a sliallow cut on the railroad on 
which there has been exposed a thin layer of sandstone, and just 
below it was found II iuch(»s of hard blue limestone. We will 
note here that in this shale in the lower thin limestone deposit we 
found tlie last specimen observed of the characteristic coal fossil, 
Chonvtes memloha, which fact has been used to determine the loca- 
tion of the divisi(m line of the Ooal Measures. The whole of these 
shales lying between the Pawnee limestone and the Erie limestone 
have been named the Tleasauton shales bv Professor Haworth in 

« 

chapter IT. 

THE ERIE LIMESTONE. 

We have now reached a very interesting triple system of lime- 
stones which cap the hills in the western part of Bourbon county. 
They come first into view in the summits of the mounds south of 
rniontown, and at the water tank on the railroad, three miles west 
of Tniontown and 23 from the state line, their- base is seen in the 
lailroad cut. Here the road leaves the valley of the Marmaton 
and passing a little to the west of north rapidly rises over these 
limt^stone systems until it reaches the sandy shales above at Bronson. 

In detail these limestones are as follows: Beginning at the bot- 
tom of the series there is first a dark limestone 16 inches thick in 
two layers, and above it 3 feet of drab clay shale. Upon this 
lies 22 feet of unevenly and very heavily-bedded limestone, projecting 
from the sides of the ravines like unto turreted walls. Immediatelv 
above this is 7 feet of clay shale, then again 3 feet of evenly- 
l>edded limestone in two layers, above which lies 4 feet of clay 
and bituminous shales. Again we come to 16 feet of limestone — the 
lower portion somewhat evenly bedded, the middle heavily bedded 
and near to the top brecciated, with few vertical seams — then the top 
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section a somewhat silicioiis limestone, <liaji:onaIly laminated iii 
l)laces, like unto some of our sandstones, all standing out in many 
localities in bold relief along tlu* ravines. Above this is J) feet 
of somewhat argillaceous shah*, and on these shale we again find a 
limestone li feet thick, in two lavt^s also evenlv bedded. Above 
this again there is :] feet of bituminous shale, and superin- 
cumbent on this is our third limestone 25 feet in thickness. The 
lower 20 feet of this last is a somewhat rvenlv-bedded white lime- 

« 

stone with an occasional chert ctmcretion b\iried in it, but the upper 
5 fe(?t is a verv chert v rock, around the cherts of which there in 
much chalky matter. This chert forms a coarse gravel overlying 
the hills in the immediate neighboih(MMl of its outcrop. 

To understand matters here an explanation of the course of the 
Marumton is necessary. Leaving I'niontown, the river heads to- 
wards the southwest until it enters Allen countv, then it deflects 
rapidly towards the north to its sources northeast of Moran in Allen 
county. The railway, as we have stated, leaves it passing to the 
north towards Bronson station, up a small tributary while yet in 
Bourbon county. The county line is situated on the divide between 
this tributary and the h(*adwaters of the Marmaton itself. Our 
triple limestone underlies all this divide, but rapidly dips toward 
the Marmaton on the west slo[)e, and forms the bed of that stream 
for some distance. The valley of the river here was given direction 
by the eroding away of the yielding sandy shales which come next 
in geological sequence. 

Passing from Bronson west we cross the Marmaton after enter- 
ing Allen county, three miles from Bronson and two from Moran. 
The limestone does not appear on the railroad although on a down 
grade some little until the river is reached, but on an abandoned 
railway grade three or four miles to the soutli of Bronson a cropping 
of the two upi^er systems is to be seen, the lower of which is found 
near the b<Ml of the riv(»r. Following this, towards the north here, 
it rises rapidly from the water for three-fourths of a mile, then dips 
and disappears below the hills. Passing over the Marmaton to its 
west bank, and u]) the stream two miles from this last mentioned 
outcrop, we came to the farm of Mr. McGlaughlin, section 8, town- 
ship 25 north, range 21 east, where a w(»ll had been newly dug close 
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by the river. We found here the upper one of our triple system not 
far from the surface of the valley. It was known by its fossils and 
could not easily be mistaken. In fact sandstone quarries were 
immediately above it. Here also it had its cherty nature and well 
preserved organic remains. 

We stop a moment to call attention to plate IV, on which this 
series of rocks is represented as it appears, and to the peculiar fact 
that below each system, and separated by a' few feet of shale, is a 
twin series of even-bedded limestone. But it must be noted also 
that the even-bedded rocks are generally at the base of every sys- 
tem in the entire section. We also cannot pass over the many 
species of fine fossils found in the white limestone, or upper one of 
this triple system. At least 25 species were taken from it, among 
which were six Productidae, four Spiriferidde, two Terebratuliddc, a 
Nautilus, a Pleurotomaria, an aviculopecten, an Edmondia, a Mac- 
rodon, and Brvozoans. 

THE THAYER SHALES. 

Above the triple limestone the Thayer shales come next, and are 
at least 100 feet thick, but at no place could satisfactory measure- 
ments be taken with the instruments at hand. On Mr. McGlaugh- 
lin's place the lower sections of this shale bed yielded a good quality' 
of sandstone for building, although not in heavy layers. At its 
summit rests a bituminous shale bed 4 feet thick, but no coal was 
reported from it. 

lOLA LIMESTONE. 

At Moran the highest point on the railroad was reached. The 
town is on the divide between the tributaries of the Missouri and the 
Arkansas rivers, and it is said that the waters falling on the east 
end of the depot seek the Missouri outlet to the Mississippi and 
those on the west the Arkansas. The town is built immediately on 
the eastern outcrop of what is known as the lola "marble." This 
limestone, for such it is, was easily traced from Moran to the place 
whence it derives its name, a distance of 13 miles. At Moran 20 
feet of it was found in wells. In localities between these stations 
the surface erosions in creek beds have left but a few feet of it, such 
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-\f>>v*' Th*- Iv»ia l::i.-^T<.L'»- a ru^'iiUi^-i.* <iii»iiii^ #*:mTL of lola on 
Kitit *-r*^'k. lu "-1:^ •^jiiij^r of a '.irv-jlcir zi-v-iiid. '■ill liMm- tt-U ns what 
f:oui*'^ h^xr iu TL*f Qpmard g*r<.*l<:#2"j«; sNC-i]*"- At ii* l«*e upon the lola 
r^K'k rfHft)^ ITj ffrex of blae f!>hal^«. bn? limt-sione^ and calcareous 

ff:rraiUM ?■ lUtzin inormoH\, *rTr. At«*»v»- tL;> arv .>> ft*rt of arena- 
'-'f^iijFi aii<J riii<:ac**r*iui^ clav -iLalrs. and -r^^ipjons! tbt- luonnd U •» feel 
of uneveiily U-<]d<-*J limej^titne. adaptt^i fur roosrh mason work. 
31u'h of it ha»* l>*ren removed bj the qoarrjnnen. This rock with its 
numerouH foKHilK wat* a Ixinanza to me !!«>me four Tears ago when I 
firKt viKited it. All the common foj^silj? in the lists already men- 
tioned were found here. This lime»?ton*' has alreadv been named 
I he r'arlyle limestone. Wer^iward from lola tht- line of our section 
i-arrji-K ijk to ^'at*-** ^.'enier. Hetw^^n these two f»oint8 limestone is 
obK^-rvable at bur two places. The first is on the hilltops west of 
the Neosho rivi-r wln-re a limestone system of moderate propor- 
tions is found whi^h quite evidently is the Carlyle limestone. Still 
farther west, about half way between Piqua and Yates Center, 
either the same or ;i second limestone is found on the west side of 

- - ere#-k. It was not yet detinitely determined whether this 

Ih another exposure of the Carlyle limestone, but quite possibly it 
is. From here to Vates ('enter the surface rises quite rapidly, and 
the roadbed jiasseK onto a high, siindy plateau which is the south- 
western extension of the sandstone area in the environs of Burling- 
ton. To the west of Vales Center a few miles without any percep- 
(ible change in the topographic features the Burlington limestone 
Ih reaehed, whieh takes us to the end of our section. 



CHAPTER V. 



A GEOLOGIC SECTION FROM STATE LINE, OPPOSITE 
BOICOUBT, TO ALMA, PRINCIPALL7 ALONG 

THE OSAGE RIVER. 

BY JOHN G. HALL. 



Conditions near the state line. 
The lola Limestone. 
The Garnett Limestone. 
The Lawrence Shales. 
The Oread Limestones. 



Systems above Oread Limestones. 
The Osage City Shales, Coal and 
Limestone. 

The Burlingame Shales. 

Systems above Burlingame Shales. 



This section starts on the eastern state line opposite a point 
about half way between Boicourt and Tleasanton, where the Osage 
river crosses the eastern line of Kansas into Missouri. From here 
it extends in a general northwesterly direction up the valley of the 
Osage river to its source, and thence across the divide into Mill 
creek valley, Alma being its terminus. It passes through portions 
of Miami, Franklin, Linn, Osage and Wabaunsee counties, and covers 
a distance of about UH miles. Like all other sections within the 
Coal Measures of Kansas the rocks along it consist of limestone, 
sandstone and shales, the latter predominating in amount. 

CONDITIONS NEAR THE STATE LINE. 

Immediately at the state line the lowermost formation exposed to 
view is a heavy bed of shales which, being an eastward extension of 
the shales so abundant in the vicinity of Pleasanton, may be readily 
correlated with the Pleasanton shales. The base of these shales is 
not exposed at the state line, so their total thickness here could not 
be determined, but presumably they are little different from that at 
Pleasanton and Boicourt, which is given in chapter II as exceeding 
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iii»> (f^A. AU>Te the PI»-asanton shales Iimest«>ne* «KX-ur from the 
?*rare line to Boicourt stiib?»tanrijilly the same as at the latter place. 
As these have l>een desiTil>e*J in ronsiderable detaU bv Professor 
Haworth in chapter IL there is no necessity of repeating: their de- 
sf-ription here. T!ie peculiar topographii^ features of the eoontTT, 
however, may well tie noticed, features which are dependent 
conjointly ufHrn the heavy shale In-ds beneath and the protective 
limestone caj»s. The i fsiV^** has •ut its (*hannel thn>ugh and far into 
the shales. In the vi«-inity of Dsiiwatomie the westward dip of the 
limestones brinjrs them so low that the bluffs are scarcely 100 feet 
hi^h. Bnt as the limesioues rise to the east, and the stream de- 
scends in the same direction, the bluffs on each side of the river 
gradually hiecome higher, until at I^ Cygiie and lU>icourt they are 
nearly 200 feet high. The Pleas;tnton shales decay rapidly and with 
great ease; the limestones above are persistent and strongly resist 
disintegration. In this way the sides or walls of the bluffs are 
steep, and sometimes are yielding so rapidly that vegetation cannot 
get a foothold. Sometimes also circular mounds are to be observed 
standing out in the broad valley entirely se[Kinited from the greater 
land bodies. They usually retain the limestone covering, and their 
8id<,*s are in every respect similar to the faces of the bluffs just men- 
tioned. 

The valley of the Osage river varies somewhat in width, bnt is 
from two to four miles wide. The stream itself meanders greatly 
within this valley, but the bluff lines approximate as great a degree 
of regularity as is usual for the bluffs of other rivers. The lateral 
tributaries entering the river at different places have cut their 
ciiannel to a depth equal to that of the Osiige river itself, and have 
similar bluffs bf»unding their valleys, the latter in some instances 
almost equal in width to the valley of the Osiige river. This is well 
illustrated by Sugar creek. Its depth is equal to that of the river 
itself; the width of the valley is nearly three miles, and it is bounded 
on both sides from Boicourt to Blue Mound by bluffs equalling if not 
surpassing those of the Osage river. 
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THE lOLA LIMESTONE. 

As was sliown in chapter II the uppermost of the limestone at 
La ( ;Vji:ne is the lola limestone. From La Cygne it passes to the 
northward to Fontaua and from Fontana dips slightly to the north- 
west, covering the surface of the country to beyond Osawatomie. 
At this place it covers the surface of the hill on which the insane 
asvlimi rests. Westward it can be seen all over the Pottawatomie 
valley to the vicinity' of Lane, near which place it disappears beneath 
the Pottawatomie river. Along the Osage river its westwardly dip 
and the general rise of the surface cause it to continuously occupy 
rehitively lower positions until finally it passes downward out of 
sight on the uplands in the vicinity of O'Brien, four miles to the west 
of Osawatomie, but it can be seen along the blulTs and the river 
valley much farther. 

THE GARNETT LIMESTONE. 

Just above the lola limestone is a bed of shale known as the Lane 
shales, which is about 90 f;eet thick. These shales are of a light 
buff color shading in the lower half to a bluish gray, and in structure 
they are almost homogeneous, that is, they are of the same consist- 
ency throughout their entire thickness. After losing sight of the 
lola limestone, four miles to the west of Osawatomie, and having 
passed over the Lane shales two new systems make their appear- 

■s 

ance simultaneously. These two systems are with difficulty sepa- 
rated when they first come into view, owing to the thinness of the 
bed of shales wiiich lies between them. It is only 12 feet thick, and 
has in it a great many small shell-like pieces of limestone, so that 
when exposed to the weather these are brought out so prominently 
they give the appearance of a continuous system of limestone. 
These two systems are called the Garnett limestones. The lower 
one is only 6 feet thick, w^hile the upper one at its first appearance 
is only a foot to 18 inches, but gradually thickens as it extends to 
the west until it attains a maximum thickness of 30 feet. The upper 
Garnett limestone can be easily traced to Ottawa, at which place 
it is exposed on the north bank of the Marais des Cygnes river, 
while the lower one cannot be traced all the way but it is found 
in the bottom of the river underneath the wagon bridge that 
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croHises it on Main street. At the crossing of the railroad and the 
county line between Miami and Franklin counties the lola limestone 
lies five feet below the railroad inick and the lower one of the 
Gamett limestones covers the top of the hills 50 feet above the 
track. In the uppermost of the Garnett limestones occur the Lane 
quarries, famous throughout the state for the so-called ^Xane 
marble." which is a hard, gray limestone that is capable of taking a 
very good polish. .\t this place the limestone reaches a thickness 
of 45 or 50 feet, a local thickening where the conditions for the same 
were e»[>ecially favorable. Here the dip of some of them is most 
extraordinary, being in some instances a foot or even 18 inches in 
a hundred feet distance. 

THE LAWRENCE SHALES. 

Passing west from Ottawa one of the lieaviest beds of shales in 
the whole section is reached. It corresponds with the heavy bed 
that is found so extensively around Lawrence, and has been called 
the Lawrence shales. They are particularly characterized by the 
large amount of sandstone they contain and the irregularity with 
which it occurs. Nowhere does it reach a high degree of perfection 
as sandstone, but frequently grades back and forth from a soft, 
friable sand rock into arenaceous shales. Almost everv stream 
that has cut a deep channel into the shales has bluffs of such sand- 
stone here and there throughout its course. A prominent one of 
these occurs on the south bank of the Marais des Cygnes river, about 
10 miles west of Ottawa, in the viciuitv of Pomona. Here above the 
heavy bed of sandstone the formations bear good evidence of having 
been produced in marginal areas, or shallow water lagoons, for the 
shales pass into sandstone and back into soft shales with great 
frequency. The upper siindstone is hard, and has an appearance 
very like limestone. The surfaces of the different layers are cov- 
ered with ripple marks and wave marks, which are made more 
apjmrent by weathering. Some of the sandy shales are quite firm 
and hard, but are so perfectly laminated that they cleave with 
great perfection parallel to the bedding planes. Up«n weathering, 
however, they produce very irregular surfaces, the ripple marks be- 
ing remarkably pronounced and exceedingly intense. 
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The Lawrence shales, like most heavy shale beds in the state, 
have in them seams of coal which are of so good a quality that they 
are mined and put upon the market. The principal mines are 
loc.ited in Franklin county> the coal from which in commerce is 
known as the "Franklin county coal." It is placed upon the markets 
of Ottawa and neighboring towns, and to a limited extent freighted 
to other parts of the state. Near the outcroppings of the coal seams 
the mining is conducted by the ordinary "stripping" process, but in 
a few localities, particularly near Pomona, the shafting method is 
used. The Franklin county coal seams vary in thickness from a 
few inches to a maximum of 2 feet. It is found at different hori- 
zons within the shales, but the heaviest veins are found near their 
base. To the north of the limits of this section, in Douglas county, 
coal also is found in the Lawrence shales, the details about which 
are given in chapter VIL 

Along the line of this section the Lawrence shales are consider- 
ably over 100 feet thick, so that their southeastern limit produces 
stiong physiographic features. The protection of the overlying 
limestone in connection with the soft character of the shales in 
certain localities produce exceedingly rugged bluffs, while in other 
places the interbcdded sandstone is sufficiently abundant to resist 
erosion to so great an extent that almost no escarpments are pro- 
duced. Occasionalh* a cir(;ular or oblong mound exists a few miles 
to the southeast, having been in some way preserved while the re- 
mainder of the surrounding material was worn away in the pro- 
duction of the valleys. 

THE OREAD LIMESTONE. 

Above the Lawrence shales two systems of limestone are found, 
the Oread limestone, separated from each other by from 12 to 15 
feet of shale. The lower of the two is about 15 feet thick ; the upper 
one w)^n first found is eroded away almost to a thin edge, but soon 
thickens to 18 or 20 feet. 

SYSTEMS ABOVE THE OREAD LIMESTONE. 

The first limestone system above the Oread limestone appears 10 
miled west of Ottawa, and is 4 feet thick covering a shale bed 50 
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feet tliii'k. The ji:eneral appearance of the limestone is much like 
that of the Oread limestone and would make good building stone. 
The shales below this limestone are buff in color and generally soft, 
and hence yield to the weathering agents. quite readily, but some- 
times they turn into a brown sandy shale which is very coarse, in- 
stead of being composed of the usual line particles that generally 
Inake up the shales. 

Following up the river another limestone. No. 2, is reached a 
mile west of Quenemo, and is 5 feet thick, covering a shale bed of 
20 feet. It is composed of two layers of almost equal thickness and 
is of a grayish yellow color and quite hard. The shaJe bed has so 
many thin layers of sandstone, which are nmde up almost entirely 
of silica, that it wears away nearly as slowly as the limestones. The 
lavers of silicious sandstone are none of them more than 2 or 3 
inches thick, while most of them do not exceed half an inch.. 

Six miles to the northwest of Quenemo system No. 3 crops out, 
which is 10 feet thick, the upper 4 feet of which is brown in color, 
while the rest is almost white. The whitish portion contains one 
layer about a foot thick which is composed of fossil fusiliua, the 
shells of which are about the size and shape of a medium-sized 
grain of wheat. 

THE OSAGE CITY SHALES, COAL- AND LIMESTONE. 

Six miles s«)utheast of Hurlingame system No. 4 crops out, but 
can only be traced a short distance until it is lost to sight. It is 15 
f(»et thick, and corresponds so closely with the one found over the 
coal at Hurlingame both in thickness and general structure that 
there can be little doubt but that it is the same system. It is 60 
feet abov(» No. A, and is of a grayish white color. It is very soft, 
and therefore easily worked, but not used much on ac^count of its 
softness. 

The coal found at Burlingame is from 75 to 90 feet below the sur- 
face of the ground, depending on the position of the shaft There 
is a broad almost level strip of country extending over nearly the 
whole of Osage county, underneath which the coal is found. The 
coal varies in thickness from 18 inches lo 3 feet. It is mined 
at Osage City, Scranton, Burlingame, and Peterton, and formerly 
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was mined at Carbondale, but these mines have not been worked 
for some time. The whole country is dotted with coal shafts, some 
of which are worked only for private use, while the majority are 
worked and the coal put upon the market. 

THE BURLINGAME LIMESTONE. 

Just west of Burlingame system No. 5 makes its first appearance. 
It is 8 feet thick, is brown in color, shelly in character and covers 
the third and last heavy bed of shales in this section. The shale 
bed is 150 or 200 feet thick, and throughout it are found thin beds of 
limestone which tend to cause the shales to resist erosion. Here, 
as with all other thick beds of shale, are a number of isolated 
mounds which are covered with limestone that corresponds in gen- 
eral so closely with that found on the main bluffs one cannot help 
believing they are the same system. These mounds are most 
numerous to the north of Burlingame, and differ in height from 50 
to 125 feet. The most important one is about two miles from Burlin- 
game and is 85 feet high, and covers an area of almost a square mile. 

SYSTEMS ABOVE THE BURLINGAME SHALES. 

Four miles west of Burlingame another limestone. No. 6, makes 
its appearance. It is 10 feet thick and 40 feet above No. 5. It has a 
dark yellow color where it has been exposed to the weather and 
breaks up into almost square blocks, due to the prevalence of ver- 
tical seams. The shale beds beginning with this one from now on 
to the end of the section are so thin and so similar and almost iden- 
tical in character that no description of them seems necessary, 
except the one that occurs above the system that is known as the 
Cottonwood Falls rock, which w ill be described in its proper place. 

The next system. No. 7, appears one mile northwest of Harvey- 
ville, and is S feet thick. It has a dark brownish yellow color, 
and when exposed to the weathering agents becomes quite shelly. 
The limestone can easily be traced to the northwest until it is cov- 
ered by the next system. 

No. 8 is seen on the northwest of Harveyville. It is of a grayish 
white color and is composed almost entirely of well-preserved 
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brachiopod shells, none of which are more than half an inch across. 
The system is onlv 3 feet thick and is 20 feet above No. 7. 

After losing sight of No. 8 there appear three systems: No. 9, 
which is shown four miles southeast of Eskridge, and is only 2 
feet thick; No. lO appears one-fourth of a mile back from the edge 
of No. 9, and is 3 feet thick. The third of these systems is No. 11, 
and is only a foot thick, and is light gray in color. These three sys- 
tems are all found in a rise of the ground of 150 feet. 

One mile east of Eskridge system No. 12 makes its appearance. 
Its thickness could not be determined here, but the next higher one 
was traced across the hills into the Kansas river valley and the 
thickness of system No. 12 was found to be 15 feet, and was 20 feet 
above No. 11. 

Just east of the railroad station at Eskridge system No. 13, which 
is known as the Cottonwood Falls rock, makes its first appearance. 
With the advent of this rock there comes in a change in the general 
character of the limestones. They become very white, and instead of 
breaking into small pieces when exposed to the weather they seem 
to wear away gradually and almost regulai'ly, that is about equally 
in all parts. The system is G feet thick and has two layers of ahuost 
equal thickness and is used throughout the state for building pur- 
poses. In it there are three rows of flints which do not wear away 
as rapidly as the rest of the rock. It can easily be traced to Alma or 
the end of the section. Above it in the shale bed there are found an 
unusually great number of fossils, mostly brachiopods and a few 
short pieces of crinoid stems and a few spines of sea urchins. These 
fossils are all found in the lower six feet of a shale bed of 15 feet. 

Above this system there are yet three others, the first of which, 
No. 14, is 3 feet thick and where exposed weathers white. The 
next system. No. 15, is 30 feet above No. 14, and weathers white 
the same as the preceding ones. The next and last system is No. 
16, and can only be found on the tops of some of the highest points 
of the blulf. It is 20 feet above the last one and is 3 feet thick 
in one or two places. It weathers white with the exception of a 
number of very fine black specks. The last four systems can be 
traced from Eskridge to Alma because they are exposed on the 
sides of the precipitous bluffs. 
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CHAPTER VI. 



A aSOLOOIC SECTION ALONG THE KANSAS RIVER FROM 

KANSAS CIT7 TO McFARLAND. 

INOLUDINa A SECTION ALONG MILL OBEEE. 

BY JOHN BENNETT. 



Section at Turner. The Topeka Limestone. 

Section at Argentine. The Osage Shales and Coal. 

The Lawrence Shales. Buffalo Mound. 

The Oread Limestone. Comparison of Buffalo Mound Sec- 

The Lecompton Limestone. ^^^^ ^^^^ j^^^^ ^„^ Hayden's Section. 

The Deer Creek System. 

General Remarks on the Stratigraphy of the Section. 
Addendum, a Section from Manhattan to Abilene, by Geo. I. Adams. 

For the be^iuniu^i; of this (*liai>tei\ and as a part of it, the reader 
is referred to the description of (he section at Kansas City as given 
in chapter II. 

No. 8 of that section, known as the liethany Falls limestone, of 
Broadhead, has a fine exposnre in the face of the bluff which juts out 
into the state of Missouri a short distance and forms the great ridge 
between the Kansiis river and Turkev creek. This heavv svstem 
soon disappears below the* hills westward after leaving the Missouri 
state line. Of No. 7 the same could also be said, for it is soon cov- 
ered in the slopes, chapter II, and appears but once more, just west 
of Turner. 

No. G, however, has several good exposui*es on both sides of the 
Kansas river to the west. At Argentine 10 feet of it has been ex- 
posed by the grading of a street. The top of the exposure here 

m 

contains much of the chaiacteristic black chert. Above the middle 
of the exposure is a KMnch stratum of blue limestone, below which 
the rock is not as cherty as at the top. This blue stratum is the 
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cemetery wherein was buried llie earapaee of that large cephalopod, 
XautUus p&nderosus, several of which are in the State University 
museum, but which w^ere taken from it at Turner, some three miles 
west. The second large exposure of this cherty rock was made by 
the Santa Fe railroad, at a cut one mile w^est of Turner, and six from 
the Missouri line. Here we find 11 feet of cherty limestone on top, 
then 4 feet of limestone with clay pai'tings, then a clay parting of 
several inches, below which was G feet of fine grained dove colored 
and drab limestone, then a shale parting of a few inches, below 
which lay 9 feet of heavily-bedded limestone. Evidently Nos. (> and 7 
are together here. At Kansas City they are separated by but 4 
feet of clay shales. In the correlation of the rocks of southeastern 
Kansas we could scarcely hesitate to say that the equivalent of this 
cherty system is found in the upper rocks of the Erie system of the 
Marmalon section, plate IV, east of Bronson. The cherty system 
is seen in the Muncie hills of Wyandotte county, where there are 
strong evidences of an anticlinal affecting all of the rock systems 
under consideration. That is to say, the rocks dip towards Kansas 
City from these bluffs to the eastward, and in the opposite direction 
westward in common with other strata in the Coal Measures of 
Kansas. After leaving the exposure at Turner and the Muncie 
hills little more is seen of this cherty sj^stem, and it soon disappears 
below the vallev of the Kansas river. 

The Oolite limestone, or No. 5, although it has many outcroppings 
in and around Kansas City luid the Muncie bluffs, in which places it 
has been extensively quarried, is not often seen on the south side of 
the river westward. One mile west of Turner is an exposure above 
that of Nos. G and 7. Here but 9 feet appears, and the upper l\ feet 
<mly is oolitic, the lower part being an irregularly-bedded gray lime- 
stone. It comes down to the railroad grade just east of Holliday, 
where it was last seen. The oolitic part of the svstem has everv- 
where its abundant and well preserved characteristic fossils. 

Next above this is No. 4, a fine grained gray limestone, retaining 
a uniform thickness of about 9 feet wherever foimd. It has been 
extensively quarried in and around Kansas City on ac(.*ount of its 
good building qualities, although generally not even bedded. In 
the Turner exposure it is separated from No. 5 by 12 feet of shales. 
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and has an exposure of 8 feet, the other foot beinj? eroded away. 
At Holliday it has many eropjnu^s around the hills above the rail- 
road tracks, and for some distance up the bluffs of Mill creek. At 
Konner Springs, just north of Wilder, but on the opposite bank of the 
river, it is exposed between the Union Pacific railroad tracks and 
the river, and here has an abundance of CampophyUum forquium. 
This and the croppings at Wikler are the last seen of it. 

SECTION AT TURNER. 

To explain the conditions of Xos. 4, 5, fl, and 7, at exposures one 
mile west of Turner, w<^ will here give the section at that place: 

1st. — 8 feet line grained in egularly-bedded limestone. 

2d. — 12 feet gray, blue, and buff nodular shales. 

M. — 1)| feet oolitic and gray linu^stones. 

4th.— J 8^ feet slope. 

11 feet black chert v limest<me. 
o inches clay parting. 

•"ith.'-^i feet line grain(»d dov(» colored and drab limestone. 
'^ inches shales. 
{) feet heavy-bedded limestone. 

nth. -(> inches clay parting. 

7th. — 9 inches laminated limestone*. 

8th. — 3 inches buff shales. 

9th. — 1^ feet gray argillaceous limstone. 

10th. — 2 feet bituminous shales. 

Above this comes the? **large fossil-' limestone, and although but 
5 feet thick it is well inark(Hl (ui the sides of the bluffs in and around 
Kansas City on account of its firm character. It is last seen near 
Corning, on the north side Of the river, and east of Cedar Junction 
two miles on the south side of the river. Helow it in their proi>er 
places w-ere found several specimens of the little rare fossil Conu- 
laria cntstuUi, already mentioned. Nowhere hovvev<»r has this fossil 
been found in such abundance outside of the Kansas Citv bluffs as at 
this exposure east of Cedar Junction. 

Again ascending through 25 f(»et of shah* we come to No. 2, or 
the Tola limestone, the "heavy top rock'* of Hroadhead. At Kan- 
808 City, Mo., it forms the bold escarj)ment near the top of the bluffs 
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above the union depot and south of the Santa Fe railroad as far west 
as Argentine. It is found in the hilltops in Kansas City, Kas., and 
in the Muneie hilltops. Near the river just west of Argentine it 
has been eroded away, and is only found in the hills as they recede 
far to the south from the valley of the Kansas river. It again how- 
ever approaches the valley before Holliday is reached and there 
forms the rough rocky face of the bluffs. West from Holliday it 
again recedes somewhat, but soon returns, and between Wilder 
and Cedar Junction forms the escarpment so plainly seen from the 
railroad all the way. At Argentine it thickens up to 32^ feet, and 
is extensively quarried for flux for the silver smelters of that town. 
The clay shales below it also thicken to 25 to 32 feet, as seen at 
the smelter rock crusher. Twelve feet down from its summit is 4 J 
feet of nodular rock separated by shaly and loose clays abounding 
in the common fossils of the Coal Measures. At the quarry east of 
Argentine a mile or so and at Fifth and Barnett streets in Wyan- 
dotte it has the same characteristics, also at a quarry opened be- 
tween Edwardsville and Bonner Springs on the north side of the 
Kansas valley. At Cedar Junction and I)e Soto this heavy lime- 
stone system comes down to the level of the valley, but can nowhere 
be measured in its entire thickness at those places. Along the 
north side of the valley between Loring and Lenape it forms a cliff 
100 feet high. There are good reasons for believing however that 
the system above coalesces with it here. At the Edvvjirdsville 
quarry they are not united, but are separated by the same amount 
of drab shales — G feet, as at Argentine. The valley of Bull creek 
separates the Edwardsville exjiosure from the Corning and Lenape 
cliff by about five miles, and therefore we are in ignorance of where 
they come together, if they do at all. At Argentine their com- 
bined thickness including the shale separation would be about 50 
feet, but at the Corning and Lenape cliff there seems to be a solid 
system, measuring from the valley to its summit 100 feet, and we 
know not how much it passes below the valley. An interesting 
fact is worthy of note here. The very perceptible narrowing of 
the Kansas river valley at this locality is due undoubtedly to the 
stubborn resistance of this rock in the fluviatile erosions of past 
ages. On the north side this whole system with the system above 
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dip8 below the valley between Leiiape and Linwood. The base of 
it is seen at Cedar Junction and the top section at De Soto. West 
of De Soto it dii)S under the valley, and where it disappears there 
seems to be a separation betwec^n it and the rock above, as indicated 
by benches and slopes alon^ the hillsides. On Mill creek, between 
Olathe and llolliday, it has this same separating stratum of shale 
from the rock above, or our Xo. 1 of Kansiis (Mty, Mo., which we will 
now describe. 

The arenaceous limestone, as has been said, retains its charac- 
teristics for some distance at least to the west. At the Edwards- 
ville quarry it is well exposed, and between De Soto and Weaver, 
where it appears near the Santa Fe railroad, it seems to be a 
crumbling rock, although losing somewhat of its sandy nature. As 
has been hinted, the top of the Leiiape clitf may be its equivalent. 

We have now described all the important limestones as found in 
the Kansas City section with their disappearance to the w^est, the 
uppermost one going out of sight before Eudora is reached. That 
is to say that the very top rock at Twelfth street bluff, Kansas City, 
Mo., extends west some 25 miles before it disax)pears from view. 
The general dip in this distance woukl be about fU feet to the mile, 
as the railroad rises 00 feet in this distance and the rock strata falls 
about 160 feet. Our next limestone system tirst makes its appear- 
ance three miles to the west of tin* state line, at Argentine, and caps 
the highest i»oint of the liills there isee Argentine seeiiim, tigure 
2, l>age 51). Th(^ sh>iH* here of 15 n»et ab<>v<* the last-mentioned 
rock represents it and the shales which underlie it. We will pro- 
visionally call it the **Sy ntrialasnia" limesiom*, cm account of the 
abundance of this fossil in it wlu^rever it is exposed at Linwood, 
Leavenworth county, or at Ottawa, Franklin county, or north of 
Olathe, Johnson county, or at Eudora in Douglas county. At Ar- 
gentine the limestone at the top of tlie hill did not seem to have this 
fossil, leading me to think that it was a part of the system above 
the Syntrialasma rock. Ai Eudora there is but 5^ f(»(*t of sliah»s 
between it and the limestone abov(\ and the ])arting is not over 
15 feet at the park north of Olathe and perhaps less than that at 
Ottawa. The **Synlrialasnur' limestone at Eudora and Linwood 
is but 6 feet thick, while north of f)lathe it is fully i:{ feet. Sup- 
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\\oh[\\^ (Ium rook to Ih» rovored over in the slope of the Argentine 
HiH'Uoii anil that it was of the sainie thickness as its congener at 
OhUhi' ilu^u thi* 15 ftml sU)|M» rould be thus divided: Ascending there 
would l»o tliMt 17 ftH»t of shah» then i;> feet of limestone (Syntrialasma 
rock) then 15 ftvt shahvs, thus reaching the limestone capping the 
hill :t fei^t of which has been left. 

SKCTION AT ARGENTINE. 

We now give the complete section at Argentine. Beginning at 
on Ihc lop of ihc hill at the city water-tank there is: 
Ut. *^ feet of limestone. 
LM. Io fo<M covt^red slope which must contain the Syntrialasma 

limestone. 
■ Id. 1 1 \ feet arenaceous linu^stone. 
Uh ti lect blue clay and somewhat arenaceous shales, 
.tih. ;fj.) Hvi'i bluish gray, flesh colored and buff limestone — the 

i\»la limestone, 
(illi "i%>J frcl of butW blue, and drab shales. 
I ( h I J feel limestone, in one layer. 
»3iiK I ( tiHi bulV clay shales, 
i»iU I le^'i max limestone with calcite streaks. 
(01 U h luv hea» vK-hery clays and blue shales, 
lull hUuhcAi^iax limestone. 
i.Uh i{ i\'ci ^i<\s clay shah^s. 
I mU ( {\y\i{ li^Ut dtab limestone. 
\i\U \i\ i\\\ U^ht drab clay shales. 

i \{\\ k l\»\u \ Uo\oliUe colore*!, eaisily disintegrated limestone. 
\\h\\ \\ Wv\ )i^\*\\ «ihaleM. 
iMl\ « *\\V^t^\ hme*loMe Nomt»what oolitic. 
\ \\\ \ \\\ A\\\\A \ W\\ then a slope of 40 feet. 
\^^\\\ ♦ Uwiss -^ >^m*i*\me 

^'S^s \\Sy\>\ M:SsK \\\\^)\\ Umewtoms 

\M\ ^\ssNS\.N\:S«NNS^r \h^N*^<»l^me while It may be and undoubtedly 
U \\\ \\sv \\\\s^^ >M" >^s*^ \s\\\^ ^>^ ^^^^^^^^ distance south of the Kansas river 
\^\\\\ \y\ \s WxS'^ ^S^>1 ^"^'^^ «*^<<' Weaver was reached. Here it 
.\ppe»u^ h\ \\\v \x\\\ bbiiVf^. M\A Midway be1we<»n Weaver and Eudora 
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it comes down to the railroad cut and is well exposed. Here it is 
an even-bedded but brittle limestone G f(?et thick and lies on a bed 
of gray and drab shales with a foot or so of bituminous shales a 
little below its middle. On the north side of the valley three miles 
west of Linwood it has ilic sanu' liili()h)^'lc characti^istics and is jisso- 
ciated with like beds of shale. The upper layers of it are especially 
rich in well i)reserved fossils, of which Sifntrialasma hemipUcata 
is most abundant. TcrrhratnUi horUlrns come out of it in good condi- 
tion and colored red, while i^i/ntriahiswa is a pure white. It also 
carries fine specimens of /h-yozoa and PioducthJne, Productus hngi^t- 
pinns being esp(*cially abundant, Athyris suhtilita, Spirifcr camc- 
ratvSf Spirifer martinia and a Chonrtcs are among its organic 
remains. 

The next limestone above it is 17 fe«»t thick at Eudora and has 
been extensively cpiarried for ballast by the Santa Fe railroad. It 
is a rough rock both here and at Linwood, where it was also crushed 
bv the Union ]*acilic com])anv for ballast. It contains but few fos- 
sils here excei)t th(» common forms. Just west of Eudora and up the 
Wakarusa towards Hlue Mound it aud its associate Svntrialasma 
rock dip out of sight. IJefore dismissing it howev(»r from our con- 
sideration we would call ait(»nri(ui to the fa<t that immediately 
above the upjMT Eudora limestone* then* li(*s .*> feet of brown and 
somewhat calcified clay shales up(ui which lies 1.] f(*et of thinly 
laminated limestone all of which might be added to the 17-foot 
svstcui b(»low it. It uiav br adchnl that th<' "Svntriahisuur' rock 
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and (hi* tirst om* al»ov(* it constitutr ilu* (larmMt lim(*ston(*. 

THR LAWRENCE SHALES. 

We now come to a verv heavv bodv of sandv and clav shales not 
less perhaps than *»00 feet thiirk which havi* been called the Law- 
rence shah*s. T1m» (*xtensive vaHcvs of th(* Kansas river and the 

• 

Wakarusa have? be(*n excavated in them and the low hills in the 
neighborhood of these valleys an* but the remnants of them. Just 
west of Fall I^eaf station, on the north side of the river, the base of 
these shales assumes the form of a very firm sandst<me which has 
considerable lateral extent, api)(*aring in Hlue Mound to the south 
of the river and among tlu* hills farther to the south. In the bed of 

-8 
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the river under the Lawrence dam there is a limestone nowhere else 
seen, unless it should prove to be a part of the Eudora system. 
The general dip, as has been shown from Kansas City for twenty- 
five miles west, is 6^ feet to the mile. This if continued would put 
the very uppermost section of the upper Eudora rock at least 40 feet 
below the railroad grade at Lawrence — the distance from the Eu- 
dora outcrop and place measured being nine miles in a directly east 
and west line. But the dip west of Lawrence is greater than east 
which change if begun before .reaching Lawrence would put the 
Eudora rocks much farther below the city; and that seems to be a 
fact, as indicated by the record of a well-boring at Lawrence, as 
shown in plate YL Above this limestone there is another thin 
limestone in the system of shales, perhaps not far fr(>m their middle, 
which has many croppings among the low hills east and south of 
Lawrence, and also in the country north of the river valley. It ap- 
pears by the Santa Fe railroad track two miles northwest of Law- 
rence where it dips under the valley. Below it coal has been taken 
out in several localities. About GO feet below the top of the Law- 
rence shales is another layer of coal, neither of which is very persist- 
ent, although in places each is of some value. The coal varies from 
1 to 16 inches in thickness. Dark shales which undoubtedly grade 
into coal in places are also found near the summit of this shale bed. 

THE. OREAD LIMESTONE. 

Ascending the hill at the State University we find near its sum- 
mit a limestone system 12 feet thick which on exposure weathers 
dark buff. Between it and another heavy system above are some 
IB feet of shale, near the middle of which lies a thin limestone 
stratum not often seen west of Lawrence, but assuming some im- 
portance in the high country north in Jefferson and Leavenw^orth 
counties. These systems have been named the Oread limestones 
in honor of Mount Oread, the hill on which our State Universitv 
stands. To distinguish them we will call them the ui)per and lower 
Oread. 

The lower Oread limestone disappears before reaching Lecomp- 
ton, passing beneath low water mark at that place. It carries an 
abundance of the fossil Fusulina cylendrica and was the first rock in 
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the section to contain in quantities this little Rhizopod. Athyris 
suhtilita, Cyathaxonia diMorta and Crinoid columns are among its 
fossils. 

The upper Oread is largely developed and exposed at Lecompton 
where it has been extensively (quarried for ballast by the Santa Fe 
company. It weathers dark brown like its associate, and all the 
limestones above it as far west as Topeka. The shales between 
the two Oread limestones retain their uniform thickness wherever 
seen, and are generally buff and olive clay chales. At Lecompton 
the upper Oread limestone is 22J feet thick, capable of subdivision 
as follows: Resting at its base are a few feet of bituminous shales, 
then 12 feet of heavy-bedded roctk, the middle 2 feet of which is 
very cherty. Above this lies 1 foot of blue clay shales; then G feet 
of shelly nodular limestone with heavy clay partings abounding in 
well preserved fossils, and this again is capped by an ev(»n stratum 
1^ feet thick, separated from two layers above by 4 inches of clay, 
the top layers being 1^ fet*t thick. On its summit lies a glacial 
gravel conglomerated by thc^ cementing process of lime infiltration. 

This limestone is a very interesting one to the paleontologist on 
account of its profuse and varied fossils. For that reason we will 
give here a complete list of all obtained from it: Fiisullna cylin- 
drical two Bryozans, Fistullpova nodulifera^ Chaetetes (?), two 
Crinoids, Archaeoctdavls (?), Cyatha,vonia distorta, Athyris sub- 
tilitay Spii'lfer earneratus, Spirl/cr lineatHH^ Spirifirena kentucki- 
ensisj Productns prattenlannH^ Produrtus synimefrlcus, Productus 
americanus^ Prodnctus pertcnuh^ Product us costatus/ Product us 
punetaius^ Productus nehrnscensis^ Produrfus longispinuSy Derhya 
hennetti^ Derhya broad head 1^ Meekclla st r ia to-cost at a ^ Syntrialasma 
hemiplicata', Terebratula bovldens^ lietzla inonnoni^ Nucula rentri- 
cosa^ Chonetes granuUfera^ Sc/n'zodus irheeleri, Chacnomyn leav- 
enworthensis, Allorisnia subcuniata^ Allorisma granosa^ Pinna 
peraicuta^ Edm^ndia (?), lihynrhonclla uta^ (^haenocardia (?), 
Monoptera (?), Macrodon (?), Ariculopectcn (?), liellerophon rras- 
«tw, Bellerophon (?), two species of Nautilida(\ Knomphalus rugo- 
*fi*, Orthis carbonaria. Canipophylhnn torquiunt^ Pleurotomaria, 
two species, a branching coral, and other unidentified forms. At 
least 50 8i>ecies were taken here in the (juarry just east of the rail- 
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road station. This extremely interesting limestone is last seen 
about three miles west of Lecompton, where it disappears under the 
river valley, and takes with it its precious museum from w^hich we 
regret to part company. 

Above the last mentioned limestone lies a heavy shale deposit 
at least 97 feet thick at Lecompton. The lower 65 feet of this is a 
clay shale, then 16 feet of arenaceous shale, parted by a thin stratum 
of arenaceous limestone, then 5 feet of sand rock, above which lies 
11 feet of sandy buff shales. 

THE LECOMPTON LIMESTONE. 

Capping the hills around Lecompton is a 5-foot limestone in two 
layers, which we will provisionally name the "Fusulina'^ limestone, 
not that it alone bears that fossil, but because of the abundance of 
Fusulina in it. It is the lower of another triple system of lime- 
stones, the members of which are separated by a few feet of shale, 
and which retain this order as far as observed to the west. Above 
the "Fusulina" stratum are 5^ feet of cla}^ shales, then 1 J feet of blue 
limestone whicli weathers dark buff like all its associate strata. 
Above this are 4 feet of shales having a bituminous streak in the mid- 
dle, then 10 feet of light gra\', easily disintegrated limestone. This 
group may be called the Lecompton limestone, on account of their 
outcropping being near Lecompton. At Spencer, six miles west of 
Lecompton, the upper of the series finally disappears below the allu- 
vial soils of the valley. 

The fossils of the Lecompton series merit little attention except 
the Fusulina of the lower bed. In the top of a hill at Lecompton, 
where the lower member was greatly weathered, this little forami- 
niferous rhizopod lay in such profusion that it looked as though 
some farmer had emptied his wheat sack in the soils. 

Passing westward from Lecompton a slight difficulty was en- 
countered in the correct understanding of the strata. The hills 
around Spencer were so covered with glacial material that the 
strata w^ere principally concealed. One limestone was visible on 
a hilltop a mile south of Spencer, and which seems to dip westward 
and reach a relatively low position at Tecumseh. Two other lime- 
stones are also visible at Tecumseh, one of which forms quite a 
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riftle in the river, and the other of wiiich lies below it and forms a 
floor to the river for some miles below. The glacial material is so 
abundant betwet*n Tecumseh and Sp<*ncer that an error might easily 
be made in the correlations, but it seems that the section above the 
Lecompton series is as follows, counting upwards: First the thin 
layer in the bed of tlu? river below tln^ rillh? about 40 feet above the 
Lecompton system; then 4 feet of shah's, and then the riftie rock 3 or 
4 feet thick; then 25 feet of biiti' <*lay shales with small lenticular 
bodies of limestone throughout it; and then 2 feet of blue clay shales 
immediately under the top ro<k at Spencer above mentioned. 

THE DEER CREEK SYSTEM. 

We now come to what we niav call the DiH^r creek svstems, the 
bottom one of which may be th(» linn^stone seen in the top of the 
hill at Spencer, and is se<»n at a few ])laces southr»ast of Tecumseh. 
The Deer creek exposure^ presents the following sectitm, passing up- 
wards: 

First, feet cf fossiliferons unevt^nlv-bedded limestcme which 
was overlaid by 10 feet of shales, then a single-bedded limestone 2 
feel, then 4 fe(?t of drab and blue shales, and again 4^ feet of lime- 
stone. These linu^stones wen* scarc(»ly s(H*n exce])ting in the Deer 
creek exposures. Tliey disa]>]H»ar altogether two miles or so east 
of Topeka. But above them in the tops of the hills, and separated 
by about 00 feet of slopes, are remnants of th<* system above, or the 
Topeka limestones. 

The organic remains were well preserv<*d in the Deer creek 
system, and the following genera and species were noted: Prod actus 
nlioiuinHis ? (might b(» young of americana) w(»re especially abun- 
dant. BeUcrophon crasHUS was found here. 

THE TOPEKA LIMESTONE. 

Coming now to the Topeka limestones, we tind a (juadruple series. 
In an exposure a mile east and a mile south of Topeka then^ is a 
showing of the upper section of the underlying shales. About (>^ 
feet below the top of the underlying shales a fairly good building 
sandstone is reached which is :\ feet thick. T\w lower limestone of 
the Topeka system is (J fe<»t thick, and is blue but weathers dark buff. 
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Above il is a foot and a half of blue shales, then above that 5 feet 
8 inches of blue and brown limestone having: a cherty layer near the 
top. Above this comes 2 feet of buff shales, and then again lime- 
stone 1] feet thick, abov(* which are 3 feet of drab shales, which are 
again capped by 2 feet of limestone*. The city of Topeka rests mainly 
above the cherty bed or second limestone in the series, yet here and 
there are fra}i:ments of the third or thinnest layer in place. The 
chert v bed has been extensivelv (luarried bv the builders of the citv 
in the past and quarries are now being operated near Shunganunga 
creek in the south part of the city. The Santa Fe and Missouri 
Pacific railroads have made a few exposures in the two upper lime- 
stones of the series just south of the city. In the various quarries 
a good opportunity was given to study the paleontology of this 
(luadruple series. The fossils collected were: Fusulina eylendrieay 
Fistullpora nodulifera^ Rhomhopora lepi clod endr aides ^ Chaetetes 

and a romose unknown form of Chaetetes, Archaeocidaris , 

Zeacrinus mucrospinus and Zeacrinus aeanthophorus, Fenestella 

, Chonetes granulifera^ Pvoductus punctatus^ Productus 

longispinus, Productus costatus, Productus prattenianus, Athyris 
suhtilita^ Spirifer cameratus, Streptorhynchus crassus, Terebra- 
tula bovidenSf lietzia mormoni, Bellerophon carhonarius, 

Th(» shales above the Topeka limestone could nowhere be accu- 
ratelv measured. At the brick-vard, three miles west of Kansas 
avenue, in Topeka, 28 feet of the upper part of the shales are ex- 
posed, and in a well close by we were told that 20 feet more had 
been penetrated before reaching the Topeka limestone. This 
would make them 48 feet thick, which we had good reasons for 
thinking was about correct. At the top of the shale lies 11 inches 
of coal, which has been mined in many places just west of Topeka, 
and which may be called the Topeka coal. Above it lies 2^ feet 
of clay shales and then 2 feet of argillaceous limestone, then 6 
feet more of shale and again 2 feet of gray limestone. These 
limestones although thin were persistent for several miles to the 
west, where they and the underlying coal disappeared under the 
valley. The only fossils of any importance in this double system 
was chonetes granulifera, FusiUna eylendriea, a productidae, and 
Crinoid columns. 
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THE OSAGE SHALES AND COAL. 

Four miles west of Toix^ka a sett ion ex])ose(l in the railroad cut 
shows 2(5 feet of shales above the limestone system just described, 
and above th(?m is a hard band of sand rock 2 feet thick wiiich held 
its place until L(h*'s creek was n^ached, a mile and a half farther 
west. Beyond the creek at the su^ar-works it was not seen. At 
the sugar- works, six miles west of To])eka, the <*oal and limestones 
above mentioned were all under lh(» valley. H(»re the slope to the 
next limestone abov(» was \)i feet from the Rock Island railway track, 
all of which seemed to be shales, but the exact thickness of the shale 
below the track could not be told. A reasonabh* approximation 
would put it at 25 fe<'t, making a whoh* bed of 1 ItJ feet. 

At the summit of tin* last mentioned shale there is a foot of coal, 
and immediately above it 2i feet (^f limestone. It is cpiite probable 
that this is the e(iuivalent of the Osage <'oal, a.s it corresponds with 
it in general stratigraphic j)osition. The fossils of this thin lime- 
stone are Chonvtrs tfranuHfrra. Spirifvr ramrratus, and Crinoid 
columns. Abov<» this limestone is liO feet of clav shales and then 
(J feet of limestone* from which stone was obtained for the erection 
of the main building of the sugar-works plant. 

A mile west of the sugar-works an exposure shows 21 feet of shale 
above the sugar-works lim(»ston<», and above* the shale 5 feet of lime- 
stone. Three miles west of N'alencia the sugar-works limestone 
disappears below the valley and is in th<» ImhI of the Kansas river a 
mile or so farth(T on at Willard on tiie Wabaunsee countv line. 
At Willard the limestone abovr this thins out somewhat and be- 
comes a good building stone blue in color on fresh surfaees. The 
fossils of the sugar- works limestone are Allovlsma suhniniata, 
Meehellxi striato-costata. Produetas pertenuiH^ Produvtus semi- 
reticulatus^ Crinoid columns^ a branching coral and a Brijozoan,, 
Bellorophon earbonaria. and Myalina recurvirostris. 

At Willard was met a change* in the nature of the limestones. 
From Lawrence to this j)oint all of th(*m g(*nerally weather dark 
3'ellow, but here at Willard, on the borders of Wabauns(*e eounty, 
the limestones change to bull* and w(*ath(*r (juite a dirty yellow. 
At Willard about 25 feet above the blue ledge the first butT lime- 
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stone eonies in. It is but 2i feet thick and in places it is literally 
filled with a robust form of FusuUna, Productus semireticulatus, 
spines of the Echinoids, Meekella striato-costata and a Bellorophon 
were also found in this limestone. 

A sloping iiillside — probably shale — of 50 or 60 feet brought us 
up to another limestone system 8 feet thick which abounds in the 
robust form of Fusulina, and is a yellow rock like the one before it. 
It also contains a large form of LophophyUum prolifejum. It dis- 
appears under the bed of Mill creek south of Maple Hill, and has a 
fine perpendicular exposure a mile or so east of Maple Hill on Mill 
creek. Above* it and separated by 10 feet of arenaceous shale is a 
thin limestone stratum 1 foot thick. Then above that are 50 feet of 
sandy shales overlaid by 2^ feet more of the 3-ellow limestone which 
is largely made up of our little Fusulina cyJendrica, This limestone 
forms the flat hills just east of Maple Hill on Mill creek and the low 
benches west of that village. 

BUFFALO MOUND. 

Three miles southwest from 3ilaple Hill is Buffalo Mound, over 
300 feet high above the valley. Making our last mentioned or the 
fourth yellow^ rock in the ascending series our base at Buffalo Mound, 
the section would be as follows, counting downwards from the top: 

1st. — Top of Buffalo Mound a fragment of the Cottonwood Falls 
limestone. 

2d. — 28 feet slope, probably all shale. 

3d. — Thin seam of limestone. 

4th. — 42 feet slope, probably shale. 

5th. — Thick limestone system, but could not be measured exactly; 
probably G feet. 

6th. — 26 feet slope, probably shale. 

7th. — Thin limestone. 

8th. — 16 feet slope, probably shale. 

9th. — Thin limestone. 

10th. — 1 1 feet slope. 

llth. — Thin limestone. 

12th. — 16 feet slope, probably shale. 

13th. — Thick stratum of limestone (many crinoids). 




Figure 5. 
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14th. — 45 feet slope, probably principally shale. 

15th. — Thin seam limestone. 

16th. — 5 feet slope. % 

17th. — Thin seam limc»stone. 
. ISth. — 27 feet slope, principally shale. 

19th. — Thin seam limestone. 

2()th. — IB feet slope, probably shale. 

21 St. — 7 or 8 feet of limestone in two systems, close together. 

22(1. — 78 feet slope, probably mostly shale. 

23(1. — Fourth yellow limestone system. 

24th. — 50 feet arenaceous shale, partly in valley below. 

All these limestones have a light yellow color, becoming lighter 
toward the top. There is however one exception, and that is No. 13 
of last section, which is a gray limestone holding many small crinoid 
columns. South of Paxico some five miles on Snokomo creek is a 
(juarry in this limestone. Here it is in two even-bedded layers, and 
can be cut into pieces from five to eight feet long and any desirable 
width. It is said that it was used to a limited extent in the con- 
struction of the state-house at Topeka. In the shales above we 
gathered an abundance of very fine fossils on a creek farther to the 
west and just south of McFarland station. Here Fusulina cylendrica 
could be gathered by the handful; Chonetes granuUfera were plenty, 
as were also the plates, spines and columns of Zeacrinus niucrospinus. 
Being hurried in this part of our Hurvey we had little time for col- 
lecting fossils. Evidently these rocks and shales are rich in the 
fauna of the upper Coal Measures. 

Comparison of Buffalo Hill Section with Meek and Ilayden^s 

Section. 

On comparing the above section at Buffalo Mound with that made 
of it by Meek and Hayden, in the summer of 1858,* they note the 
prominent limestone beds of the above section, and in the order in 
which we have them, with the exception that they give greater 
elevation to the hill and correspondingly greater distances between 
the heavier beds of limestone. Our No. 13 they place at 160 feet 
down from the summit of the hill, while our measures are but 



*Pro. Acad. Nat. Sci., PhUadelphia, vol. 11, p. 12. 
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145 feet. AN'e can seareelv be misiakeu in tlie faet that the same 
limestone stratum is considei'ed h<»IM^ for it is the only j?ray limestone 
in the Uill, and has its many eolumns of CrinoldH, which mark it well 
paleontoloj^ically. Then our No. 21 and tlieir No. 2 a^ree not only 
in characteristics but in bein^ placed (Mjuidistant down from the 
number's last mentioned respectively. Below this a^ain our No. 23 
and their No. 17 would seem to be ecpiivalents, (»x<ept that their 
No. 17 is 27 feet too low down, wliih* their No. 12 would be about the 
right horizon p^eoloj^ically for our No. 23. We must admit, however, 
that the task of correlating these sections is a difticult task, from 
the fact that so manv thin strata of limeston(» exist in the shales of 
this region, and each of them standing out more prominently in one 
place than another it would be an easy matter to give note to any 
one stratum which might a]>pear in one place and not in another. 
Their section was evident Iv made on the north side of the hill, wiiile 
our's was made on the long ejistern slope. In the hilltop where 
they make a slope of KJO f(H*t, W(» observed at least four thin strata 
and one H-foot ledge. At the base of ihe hill they in turn observed 
several thin strata not observed by us. 

Before reaching Alma four other limestone systems are to be 
seen in the high <()uutry east of that city. We can but mention 
them here about as follows: First, above the Cottonwood Falls lime- 
stone which is considerably thickened in the bold escarpment east of 
Alma there is a 4r)-foot slope, tluMi a limestone, then IM) f(*et more of 
slope and again a limestone, above which IT) feet more of slope 
brings us another linu^stone, and then 20 feet to the limestone cap- 
ping the hills. For want of time these latter limestone systems 
did not receive a critical (examination. 

GENERAL REMARKS ON THE STRATIGRAPHY OF THE SECTION. 

Tn revi<*wing the foregoing section a number of interesting points 
niav be noted. At Kansas (Mtv the section is more than half lime- 
stone, and ditTerent limestone systems are very heavy, one measur- 
ing 30 feet in thickness, and increasing to much more in places. In 
the whole area east of Topeka we have four limestone systems that 
measure 20 feet or more. Westward the limestones become much 
thinner, and constitute a correspondingly smaller proportion of the 
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section. Fiom the base of the section at Kansas City to the base of 
the Lawrence shales we have about 300 feet which is fully one-half 
limestone. From the base of the Lawrence shales to the top of the 
Topeka limestone the total thickness is about 641 feet of which 
only 83 is limestone, giving a ratio of 1 :6§. West of Topeka to the 
Cottonwood Falls limestone we have a total thickness of about 760 
feet with only 60 feet of limestone, or 1:11^. Covering the whole 
of the section we find a total thickness below the top of the Cotton- 
wood Falls limestone of about 1,700 feet with a little less than 300 
feet of limestone, or a ratio of limestone to shale and sandstone 
of about 1:4§. By adding to this section the thickness of the Coal 
Measures at Kansas City, as shown in plate II, a thickness of about 
700 f(H^t, we have a total thickness of the Coal Measure clavs on the 
Kansas river below the Cottonwood Falls limestone of about 2,400 
feet, of which about 375 feet is limestone and 2,025 feet shale and 
sandstone, giving a ratio of limestone to shale of 1:5 2-5.* 

The color and texture of the limestone also gradually change to 
the west. In the east the color is bluish on fresh surfaces and dark 
buff when weathered; to the west it becomes a light buff to a light 
cream, and almost white. To the east the texture is firm, to the 
west it is much more open and porous. 



ADDENDUM: 
A Section from Manhattan to Abilene. By Geo. I. Adams. 

In completing this section up the Kansas and Smoky Hill rivers 
to the limit of the Dakota there is little to present which has not 
been already described by earlier writers. Meek and Hayden, Swal- 
low, St. John, and later Hay and Prosser have described the section 
in whole or in part, and Prosser has reviewed the earlier writings 
and compared them with each other and with the conditions as he 
found them.* The following section at Manhattan is taken from 
Prosser :t 



*Smco the above was written by Mr. Bennett, the records of the Topeka and McFarland 
weUs have been obtained, whicli show that the above estimates of thickness are too small.— E. H 
* Bui. Geol. Soc. Am., vol. 6, pp. 29-54. 
t7l»., p.33. 
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Scf'tion af M(i)ihaftan, (After ProsMcr.) 

RESERVOIR LEVEL. 

G. — Covered slope on Blue mount. At this horizon yellow shales yrct. 
containing plenty of fossils are exiK)secl on mount Prospect, in the 
Uhlrich quarries up Wild Cat creek and at numerous other places 
about Manhattan 10=215 

5. — Manhattan stone — a light yellowish gray, massive limestone con- 
taining a considerable amount of chert, and in the upper part great 
numbers of FunuJ'nia fj/fhifJrh'ft, Fischer. In the quarry at the 
top of mount Prospect it is 5 feet 4 inches in thickness 5=205 

4. — Covered slope. On mount Prospect are shales, with some beds of 

laminated limestones about a foot in thickness 10=:200 

3. — At the top a drab to bluish limestone of irregular texture which 
weathers verv unevfnlv. This laver is between 2'.> and 3 feet in 
thickness on mount Prospect. On Blue mount it forms the first 
marked ridge, and the slopi* })elow the outcrop of this ledge is cov- 
ered to the top of the road cut G4=1(jO 

2. — yellowish, bluish and blackish shales, with thin layers of argilla- 
ce<.)U8 limeptone lO int'hcs to I f<H)t in thickness). The limestone in 
the cut near railroad level is somewhat bluish and contains fossils. 
The blackish phalesnenr the top of the railr»>ad cut at its southern 
end contain numerous fossils G4=9G 

I. — Covered slo])e to level of Big Blue river 32 

The most imiiortant of.tbc^se stiata is No. 5, tho Cottonwood 
Falls liinestoiie, wliicli has aln^ady boon doscribed in connection 
with the Kansas river section. This with the accompanying: beds 
mav b<* (^asilv tra<-(Ml alonj:: thr iivt*r blutls nc^arlv To Fort Kilev, there 
beinp: a j^ood ex]K)snre at S(^v(»n Mile creek and at Ogden. The con- 
nection b(»tween tli(^ Manhattan section of Prosser and the Fort 
Riley section by Hay has been made by Prosser, the Cottonwood 
Falls limestone being 122 feet below the first flint beds aeeording 
to barometric measnrement. 

The beds of the Fort Kiley section are found succeeding those of 
the Manhattan s(H.*tion just west of Ogden. The section at Fort 
Rilevas given bv I lav* is as follows: 

*Ha.v: (h?<)lo;,'.v :in<l Miii-r:»l R«.'.-«»iirof< nf Kaii~.«-:. p. >: Top.-kiu iv.i;;. 
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Here again the section Is marked by a ver; promiDeut member, 
Ko. 11, which is the Fort Riley limestone. It gives character to the 
bluffs ID the vicinity of Junction City, and is visible from the rail- 
road on either the north or the south side of the river until it dips 
under the surface about three miles east of Chapman. The bed 
exposed on Indiuu Hill, just west of Chapman, is probably No, 14 of 
nay's section at Junction City. Here the grading down of the 
wagon road has exposed a small flexure fault. A stratum of flinty 
limestone 2 feet thick shows a double fault, and a portion of the main 
ledge which has been displaced vertically about 7 feet is lodged 
nearly in the plane of the flint bed. There are also other indica- 
tions of a slight flexing and faulting in this vicinity. 

Above this, the highest bed in the Port Riley section, there is the 
following section which completes the Permian series to the border 
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of the Dakota just west of Abilene, counting from the bottom up- 
wards : 

1. Variegated shales, olive and maroon 30 feet. 

2. Thin-bedded limestone, exposerf at Detroit 22 feet. 

3. Light-colored shale 40 feet. 

4. Limestone 5 feet. 

5. Shale 25 feet. 

6. Limestone exposed in north part of Abilene and in wagon road to 
Detroit, northwest of Abilene 8 feet. 

7. Shale 40 feet. 

8. Limestone, on hill at college north of Abilene 3 feet. 

The Dakota does not rest upon the highest member of this series 
at this place, but crossing the creek west of Abilene it is found on 
lower ground. The sand springs west of town near four miles, and 
from which the water supply for Abilene is drawn, issue from under 
the Dakota as it rests on the Permian, probably No. 4 of the section 
just given. Fragments of the Dakota are found on the hill as far 
east as Fort Riley, but its eastern limit along this section is reached 
just after crossing the Superior branch of the Santa Fe railroad, in 
the western limits of Abilene. 



X 



CHAPTER VII 



A GEOLOGIC SECTION FROM C0FFE7VILLE TO 

LAWRENCE. 

BY KRASMl'S HAWORTH. 



Coffeyville. The Lane Shales. 

Cherryvale. The Gannett Limestone. 

The Thayer Shales. The I>awrence Shales. 

The lola Limestone. The Oread Limestone. 

The Carlyle Limestone. Evidence of Deep Wells. 

The partirular value to Im» d<M ived from a description of this see- 
tiou depends upon a ('on)]>ai'ison (»f tlie conditions alon^ tliis line with 
those of a parallel line nearlv TA) miles to the east. As the out- 
croppinjr of all th<» formations in this part of tlu* state trend north- 
oast and southwest this s<M-tion should <-om*spond <'losely with 
the Haxter S]uin;rs Kansas (Mty sent ion in a ;i:enoral way with 
referenee to ev(»rythinjif excepting the lower syst(»ms which this one 
d(H*H not touch. Kvon h(*rc wc have the various d<M»j) wells which 
throw much lijrht on the undcrpound <'onditi<uis. Th(» wells at 
('olfevville, Cherrvvale, Thav(»r, (hanute and lola mv(» us about as 
detailed information rt^^rardin^ !iu» conditions below the surface as 
an area! examination can furnish f(U' the surfa<'e, while the Lawren<'c 
well serves a similar purpose for a dejMh of a few hundred fecM at 
the north end of the se<*tion. It is ^n»atly to be rcj^retted that 
records of the wells drilled y(»ars aj^o at Ottawa were not j)reserved. 
With Ihem we wouhl have had the section about as com])lete as one 
could desin*, so far as deep boi'inj^s could make it. It is reported 
that one or more wells hav(» also been drilled at (larnett, but this 
Hurvev has betMi unable to obtain anv detinite information on the 
subject. 

-9 ili>J») 
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• • COFFEYVILLE. 

At the south line of the state near Coffevville the surface is be- 
ginning? to assume the features characteristic of the great sandstone 
area farther west. Correlation of limestones in the Coffevville well 
with those of the Cherrvvale well is difficult and of little value. It 
seems that ap the sandstone area is approached the limestone S3's- 
tems become irregular; some disappear, some change in thickness 
and general properties, and in many ways become altered so that it 
is difTlcult to recognize them. We will therefore have to take the 
underground section at Coffeyville for what it is worth, and recog- 
nize that it is located on the border of a great sandstone formation 
several hundred feet thick, and which corresponds in position, and 
possibly in time of formation, with limestone and shale formations 
to the north and east, and one about which this Survey does not at 
present possess sufficient data to make it possible to give much of a 
classitication. The correlations indicated in plate VII should not be 
regarded of any particular value, yet they may be correct. Neither 
can the surface rocks be correlated with those to the north in an 
entirely satisfactory manner. It is quite evident that the rocks on 
top of the Cherryvale mounds dip to the south. If one will pass 
along the valley between the mounds and Drum creek on the west 
one can readily perceive (his dii»ping. It is probable that the Mound 
A'alley limestone or surface limestone at Cherryvale also dips to the 
south in a similar manner, and should be correlated with the Liberty 
limestone, and the lower one of the surface limestones at Coffeyville. 
In some way, and for some cause, the mounds and hills which are so 
characteristic of the vicinity of Cherryvale gradually diminish south- 
ward and i)racti<ally disappear before the south line of the state is 
reached. For the details of the s(»ction at ColTeyville a reference to 
plate VII is all that is necessary. 

CHERRYVALE. 

At Cherryvale two different limestone systems are visible, the 
one capping the mounds and hills, and the other near the surface in 
the valley. They are separated by a shale bed which is 100 feet 
thick, as learned by measurem<nit at the mounds south of town. 
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The upper limestoiie is tliiii, havinjij been worn so by erosion, is well 
filled with fossils, dii)s lo the west, thickens into 40 feet at Inde- 
penden<'e, and has been named the Independence limestone by 
Adams in chapter I. It also dips j^ently to the north, appearing 
again three miles south of Morehead at an elevation of 25 feet lower 
than the to]» of the ( ■herryvale mounds, giving a dip of 5 feet to the 
mile. Cherry vale is therefore situated on the summit of a gentle 
anticlinal ridge, the axis of which trends about north 70 degrees 
west and which dips rapidly to the west. 

The lower limestone at ('herryvale is the first one shown in the 
drill record, and passes und(Mground to the north and is seen no more 
in this section, exc(»j>ting in the drill records. The conditions 
beneath the surface at ('lierryval(» have already been so fully de- 
scribed by Mr. Adams in cha]>ter 1 that nothing need be added here. 

The shales between th(»se two limestones are unusually fragile 
and easily di.sintegrated. This accounts largely for the existence of 
so many mounds with steej) sides around ('herryvale. In tlie pro- 
cess of weathering th(» shales yield rapidly, the superimposed lime- 
stones protect the surfaci*, and th<* steej) walls are the necessary re- 
sults. The decay of the shales is so raj)id that frcMpiently V(»geta- 
ticm cannot get a footing on the hillsidt^s, and portions of the sides 
of dilTerent hills are therefore almost bare. 

This shale b(^d corresjionds to the thin bed at Tniontown lying 
between the middh^ and upper uuhuIkts of the Erie limestone 
sj'stem. Tlie Fiuh^pcMuhMirc rock n(*ar Moreh(»ad is quite ])romi- 
nent about tlircM* miles south of town. It is 10 or 12 feet thick hens 
and is quarried <-onsiderably by the Santa Fe road for ballast. It 
passes underground nonliwar<l near Mor(»liead and is s(hmi no more. 

THE THAYER SHALES. 

Above the Ind(»])endenr(* limestone is a heavv shale bed nearlv 
200 feet thi<k, which may be nauKMl the Tluiyer shales. In plac(»s 
it carries much sandstoiu* and g<K)d seams of <-oal. Jt ronstitutes 
the high ground <m which Thayer is built, and th(» higli plateau 
reaching westward towards X(MKlesha. Tlie Thayer and Xeodesha 
sandstone o<cur hi it, as do(»s also the Thayer coal, an<l tlu* coal found 
in many places w<»st ward and soutliward towards Xeodesha. This is 
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the lowest coal in the Tpper Coal Measures occurring in sufficient 
quantity to be of any considerable commercial importance. The 
thickness of the seam varies, sometimes reaching nearly 30 inches. 
The Thayer mines are located in the upper portion of the Thayer 
shales, but some of the other banks nearer Neodesha seem to occupy 
lower positions. 

The sandstones are quarried to a considerable extent, par- 
ticularly around Neodesha. In places they produce fair building 
stone, as is shown by many different buildings in both Thayer and 
Neodesha, the materials for which came from the Thayer shales. 

To the northeast the Thayer shales gradually grow thinner until 
they almost disappear in the vicinity of Boicourt and La Cygne. 
xVt Moran they are about 100 feet thick, at La Cygne they are not 
over 25. To the southwest they maintain their thickness, and pos- 
siblv increase it. Thev constitute the main bulk of the high hills 
west and north of Neodesha from Benedict to the state line south. 
In places the hills are 200 feet above the valley, particularly Table 
Mound, the body of which is composed of the Thayer shales, at 
which place, according to Adams, they are 250 feet thick. These 
shale beds, as well as many others, illustrate how many of the de- 
posits thicken to the southwest and thin to the northeast. 

Northward the Thayer shales more nearly maintain their normal 
thickness. They constitute the shale beds in and around Chaunte, 
The coal mined north of Chanute is on about the same level geo- 
logically with the Tluner coal, but as the two are not connected di- 
rectly we cannot well correlate them. Each of them is in the upper 
portion of the Thayer shales. 

THE lOLA LIMESTONE. 

The first limestone system of any special importance above the 
Thayer shales is the lola limestone. It appears on the high hills 
southwest of Chanute, from which place its outcropping extends 
across the Verdigris river and along the eastern border of the high 
hills west of Neodesha and Independence to the state line. To the 
northeast its outcropping passes near Moran, Mapleton, Mound 
City, Boicourt, etc., as has already been described, and as is also 
marked on the accompanying state map. Where riot reduced by 
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Burfai'e erosion the thickuess of this system is about 40 feet along 
this line, but to the southwest, as Adams has shown in chapter I, 
its thickness is greatly increased. 

In many respects this is a most remarkable limestone. Its lat- 
eral extent is great, reaching from the south line of the state to 
Kansas City, and probably much farther. The persistence of its 
characteristics throughout this whole distance is even more remark- 
able. It has few fossils, is unusually crystalline for a Coal Measure 
limestone, and is much freer from both vertical and horizontal 
fissures than anv other limestone known below the Cottonwood 
Falls rock. This causes it to break into unusually large blocks. 
Some of the masses which are slowly working their way down the 
hillsides measure from 40 to 50 feet across. Then the general 
effect which the rock makes on one^s mind by the ensemblence of 
all the properties cannot be easily forgotten, so that it is the most 
easily recognized limestone at sight occurring below the Cotton- 
wood Falls system. The quarries at lola have made the rock noted. 
The point of greatest interest in connection with the quarries is the 
almost total absence of any kind of Assures in the rock, which is 
here 39 feet thick. With proper mechanical appliances any kind 
of a block of any size or sha])e desired can be obtained, probably 
even to hundreds of feet in length. The rock is further noted for its 
high crystalline character. Strangely enough this Coal Measun* 
limestone, in a country totally void of any approach to ordinary 
metamoi*phism, has from a half to two-thirds of its mass completely 
crystallized into calcite. This makes the rock cai)able of taking a 
high polish, hence the local name **marble.'' 

THE CARLYLE LIMESTONE. 

Above the Tola limestone is a shale bed 40 feet thick which has 
no special marks or characteristics. On toj) of these shales a lime- 
stone is first seen on the hills near Humboldt. It is only 5 or feet 
thick here, but gradually thickens to the north until at Carlyle it 
is clauned by wt*ll (lnll(»rs to W iC) f«M»t thick. It ca])s the little 
mound just south of lola, and the hills to the northeast. It dips 
gradually toward the north and passes out of sight a short distance 
north of Carlyle. Kirk has mentioned it in <*hapter III as extending 
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from lola up the river to beyond Neosho Falls. On account of its 
heavy development around Carlyle, it has been named the Carlyle 
linu^stone. Its northern extension is only partially known. It 
ajipears to reach a point opposite La Cygne and to cap the hills 
forming the first escarpment west of Cadmus and is the only one 
between the La Cygne hills and the Garnett limestone, but what 
becomes of it farther to the northeast has not been determined. 
Probably it disa])pears entirely, or approaches so close to the other 
limestones it is not recognizable. However, at points along the 
Kansas river a limestone is prominent which may be this one, as it 
occupies the same relative position. 

THE LANE SHALES. 

Above the Carlyle limestone we have a heavy and important 
shale bed which has already, in chapter III, been named the Lane 
shales. They are important because they have been instrumental 
in producing an interesting and characteristic topography, and 
because in places they carry so much sandstone. Along the line of 
our section it will be seen that the surface rises rapidly from Car- 
lyle to Colony, which is practically located on the summit of the 
Lane shales, although the capping limestone does not appear for a 
few miles to the north. To the southwest in the vicinity of the 
Neosho river and beyond the shales are largely changed into sand- 
stone. Yet the irregularity of the surface, the alternating hills and 
valleys show how irregularly this change has been produced. Had 
the sandstone areas been extensive laterallv we should have had 
broad plateaus rather than alternating hills and valleys, as Kirk 
has described for that country. To the northeast the sandy or are- 
naceous character of the shales is not so marked. The great fre- 
quency of rugged, flat-topped hills characterize the country. The 
overlying limestone has been broken through along every stream, 
and bluffs with precipitous fronts have been produced. Isolated 
mounds are numerous also, standing as the last remnants of vast 
portions of the country almost entirely carried away. The Potta- 
watomie river flows almost parallel with the zone of country pos- 
sessing the above-mentioned topography, passing the towns of 
Garnett, Greeley, Lane and Osawatomie. Farther to the northeast, 
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as was desnibed in cliapttM- IT, the shales j^i-adnally become thinner, 
the lola limestone jjradnally apinoaches the (Jarnett limestone 
above, and the whole aspect of the country is changed to correspond. 

THE GARNETT LIMESTONE. 

Above the Lane shales lie the two systems of the Clarnett lime- 
stones. They are first observed at Welda, but from the surface con- 
tours there can be little <lonbt repjardinp: tlu^r former existence as 
far south as Colony. Possibly they yet exist that far south near 
Colony to the east or west. They cover the surface all the way 
from Welda to Ottawa, Olathe and Eudora, and are found by drill- 
ing about 100 feet below the surface at Lawrence. They are plainly 
visible in section at many j>laces along the Santa Fe line where it 
crosses the ditYerent tributaries of the Pottawatomie river on 
either side of Oarnett. In such j)laces there are two systems sep- 
arated by from 10 to 12 feet of shale. The limestones themselves 
in most i)laces are from S to 10 feet thick, but in extreme cases 
they thick(»n up to .*U) Uh^X or more. Such an instance was noted a 
few miles southeast of (Jreeley. Here by the roadside a bluif of 
solid limestone rises fully .SO feet, due to a local thickening of the 
upi)er system. From just bcMieath the limestcme gushes a large 
spring of most (»xc(»llent cold and pure water. The good farmer 
living here has plac(»(l a large watering trough below the spring 
and keeps other conveui(»nc(»s at hand, so that the i)asser-by, either 
man or beast, can slake his (hirst. In this wav the (»xact localitv is 
known for miles around, so that anyone desiring to examine the 
place can easily locate* it. 

In places along the soutlH»ast(»rn border of the Oarnett limestone 
it seems that there is but one system, but this is j)robably due to the 
upper one having be<»n eroded a little farther back than the low(»r. 
As the intervening shale bed is so thin no topogra])hic mark could 
be noticed to show the exact limit of the upper system, and hence 
it would easily be overlooked. The intervening shale in i)la<*es be- 
comes exceeilingly bituminous, so much so that it strongly resem- 
bles coal in general a])p(»aran<u\ but this is a variable qualit \'. 

In addition to the good ex])osures of these rocks already men- 
tioned we should add tlmse near Princeton and at Ottawa. Just east 
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of Princeton the two systems are exposed along the creek and its 
small tributaries for miles. At Ottawa the lower system is in the 
bottom of the river, and the upper one forms the main part of the 
north bank. Here they are about 12 feet apart, being separated 
by a bed of light colored shale. Most excellent views of these lime- 
stones can also be had all the way down the Pottawatomie from 
Garnett to within four or five miles of Osawatomie. In the vicinity 
of Lane both systems become greatly thickened, but particularly 
the upper. In it are located the quarries of the Lane "marble," or 
limestone. The quarries are on the high hilltops about two and a 
half miles southwest of the village. The rock differs from the lola 
"marble" principally in being darker in color. It possesses about 
as high a grade of crystallization as the latter, takes almost as fine 
a polish as the best of marble, and has a wide use for pedestals of 
tombstones, and other purposes. 

From Ottawa to Lawrence we are largely in doubt regarding the 
exact position of the Garnett limestone, as it cannot be seen at any 
place throughout the whole distance. In a former article* it was 
assumed that the limestone at the south end of the dam at Law- 
rence was its equivalent. More recently, however, records of two 
wells have been obtained which correspond sufficiently well within 
themselves, and with known conditions around Lawrence to give 
considerable evidence of their correctness.t Admitting their evi- 
dence we must conclude that the Eudora limestone, as shown by 
Bennett in chapter VI and plate VI, is nearly 100 feet below the 
thin limestone at the dam, and therefore that the Garnett limestone 
is also; for we have satisfactory evidence that the two are the same. 
Plate Vn represents this condition. 

THE LAWRENCE SHALES. 

Fir8t above the Garnett limestone lie the Lawrence shales. They 
are important as being in places the heaviest shales in the whole 
Coal Measures above the Cherokee shales, and therefore the heaviest 
in the upper Coal Measures. They contain here and there thin lime- 

* Haworth : Kansas Univ. Quar., vol. 2, p. 121. 

tThis remark is made because the records as obtained were not guaranteed by anyone. 
They had been passed about through several hands, so that no one has been seen virho knew 
how they were obtained. Ordinarily such records are useless. 
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stont^ beds, \\w most iiiiportaiit one of whi(»li occurs about 100 feet 
below their summit. It has a thickness of 5 feet or more on the 
east side of Blue Mound, eiji:ht miles southeast of I^awrence, and 
almost an equal thickness across the Kansas river to the northeast. 
In eacii vicinity it occupies considerable? prominence in the land- 
scape, due partially to the sandstone beds immediately under it. 
But slranji^ely it thins to an edge westward, northward and south- 
ward, so that no place has been found where it enters the high 
blulls so prominent in the locality. It is therefore of but little 
importance stratigraphically, and should not be looked upon as 
dividing the I^iwrence shales. The limestone at the south end of 
the dam at Lawrence is also somewhat dil!icult to place. Mr. 
MacFarland, who is conducting a brick-yard just above the city re- 
ports that he passed through 15 feet of limestone in a well located 
in the valley near the brick-yard. This would indicate that the 
river limestone is thickening westward. No trace of it, or any- 
thing that can at all be compared to it, can be found east, north, 
or south, so that we shall have to treat it at present as though it 
were an unimportant system, as one which never extended much 
bej'ond Lawrence eastward, recognizing the possibility of being in 
error. In this way we shall havi? to consider the Lawrence shales 
nearlv 300 feet thick at Lawrence, which is 100 feet more than they 
had formerlv been called. 

The Lawrence shales are also noted for carrying coal, which in 
places is of considerable comm(»rcial importance, as has been shown 
by Hall in chapter V, and for containing so much sandstone that 
bears such stnmg evidence* of having, been deposited in shallow 
water. The simdstone is abundant about Lawrence. It occurs 
in a row of low hills southeast of the city, along the south bank of 
the Wakarusa, across the Kansas river to the northeast, and in 
many other i)laces. Nowhere is it cemented into a good sandstone, 
nor are its layers well marked or continuous, so that it has no value 
as building stone. In the neighborhood of Hesper, where it is some- 
times reached in well-digging, a layer of it is perfectly loose sand 
which caves so badly that the w(*ll has to be cribbed in digging. 
Almost everywhere the stone has ripjjh* marks in great abundance, 
and not infrequently rain-drop imjjressicms are seen. 
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OREAD LIMESTONE. 

Above the Lawrence shales the Oread limestone appears in two 
separate systems, each of which in places is from 15 to 18 feet thick, 
but which near Law rence is only from 10 to 15 feet thick. Thev have 
been so fully described by Mr. Bennett, in chapter VI, that nothing 
need be added here. The hills which they cap are first seen along 
this section to the west of Princeton, or possibly farther south. In 
their northeast-southwest trend they approach to within about three 
miles of Ottawa, and across the Santa Fe track between Norwood 
and Baldw in. Their southeastern outcropping passes around Bald- 
win to the east but swings back across the railroad westward near 
Vinland, from there to I^awrence and to the northeast near Tonga- 
noxie, and crosses the Missouri river near Leavenworth, at which 
place they cap the high hills. 

EVIDENCE OF DEEP WELLS. 

^^'e have now given a hurried description of the surface features 
along the Santa Fe railroad from Coffeyville to Law^rence. Plate 
Vn also gives considerable information regarding the underground 
conditions. At Cherryvale and Chanute wells start from the upper 
Coal Measures and pass into the Mississippian. They thus give us 
the thickness of the different formations in the lower Coal Measures 
overfiftymiles back from theoutcroppingsof theMississippian series. 
It will be seen that the Cherokee shales have maintained their thick- 
ness remarkably well. At Colfevville thev are not less than 400 
feet, but the well did not pass through them. At Cherryvale they 
are nearly 425 feet, and at Chanute thev are 410 feet, while to the 
west, at Neodesha, they are fully 425 feet, and at Fredonia 350 feet 
It will also be seen that probably the upper surface of the Missis- 
sipi^ian is wavy, or has general irregularities not due entirely to 
pre (*oal Measure erosion, although having but three points located 
leaves one liable to err. The general features, therefore, of the 
Mississippian and the Cherokee shales are remarkably similar to 
those shown along the Baxter Springs-Kansas City section, plate IL 
The conditions above the Cherokee shales are not quite so pro- 
nounced, but on the whole correspond with the surfa<*e features to 
the east very w^ell. Here we have the additional evidence of the 
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wells at Thayer, Hiuuboklt, and Tola. At no place from CoffeyviUe 
to lola is there a space ji:reater than 18 miles without a well record, 
which places matters safely beyond th(» realms of conjecture. It will 
be noticed that all the wells show that first above the Cherokee 
shales is an area occupied principally by limestone, the Oswejico and 
the Pawnee, with thin shale beds between. The details to the extent 
of exact feet and inches are ditticult to obtain from deep wells, but 
there is a jreneral aji:reement am<mg all of them. Next above this 
limestone area is a heavy shale and sandstone area, the Pleasanton 
shales, at the top of which we have placed the division (»f the Coal 
Measures, dividing? them into the Tpper and Lower, with the 
Lower division alonjj the line of this section, TOO feet thick at Coffey- 
viUe, 700 feet at CluuTyvah*, SoO feet at Thayer, and 800 feet at 
Chanute, with no indication of its thinning toward the north. Above 
the Pleasanton shales we have the Krie limestone svstem, which is 
plainly marked at lola, Humboldt, and Chanute. Above these lime- 
8t<mes we have another shale deposit about 100 feet thick, above 
which lies the lola limeston**. In a general way, therefore, the 
underground conditions here, as shown by the well re(»ords, have a 
remarkable agreement with the surface <(mditions fifty miles to the 
east. 



CHAPTER VIII, 



A GEOLOGIC SECTION FROM ATCHISON TO BARNES, 
ALONG THE CENTRAL BRANCH OF THE MIS- 
SOURI PACIFIC RAILWAY. 

BY E. B. KNERR. 



Passing from the top of the bluffs about Atchison to the level of 
the Missouri river the following outcroppings in the bluffs may be 
observed: 

1.— 50 to ()0 feet of drift. 

2. — Below this there is evidence of shale in some places. 

3. — A weathered limestone in places about 2 feet thick. 

4. — 2 feet of clay. 

5. — 2 feet of limestone. 

G. — 2 feet of black slippery shale. 

7. — 2 feet of limestone rich in Fv^Ulina, darker than the follow- 

ing yet lighter than the most of the Atchison limestones. 
8. — 2 more feet of limestone, very light in color and much re- 
sembling Cottonwood Falls rock, but not porous. 
9. — 5 feet of shale. 
10. — 6 feet of limestone very good for building, and mostly used 

for such purpose. 
11. — 2 feet of shale. 
12. — 4 to S inches of coal. 
13.— 4 to 10 feet of shale. 
14. — 6 feet of sandstone which runs into shale in places and is 

common in all the bluffs. 
15. — 20 to 25 feet shale, used extensively for the manufacture of 

vitrified brick. 
10. — 2 feet of a hard compact limestone brok^ at regular in- 

(140) 
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tervals into large monoliths, very similar to No. 22 in ap- 
pearance. 

17. — 5 feet of shale. 

18. — 6 feet limestone. 

19.— 4 to 6 feet of shale. 

20. — 21 feet of limestone, more or less flinty, of little or no value 
for building purposes, used extensively for railroad ballast 
(the upper of the Oread limestones). 

21. — 3 to 4 feet of a laminated shale containing more or less pyrite 
nodules. 

22. — 21 inches of a hard firm limestone which breaks off in im- 
mense blocks, and which is conspicuous in all the bluffs. 

23.-9 feet of shale. 

24. — 10 feet of limestone. 

25.-25 feet of shale. 

26. — 16 to 18 inches of coal, which is worked at the Donald and 
Ada mines two miles south of Atchison. 

27.— 30 feet of shale. 

From this it will be seen that the bluffs about Atchison ris^ to a 
height of over 200 feet above the Missouri river. 

Westward from Atchison the drift is quite heavy and for the most 
part hides the limestones so effectually that their outcroppings are 

m 

seldom visible even in the beds of strc^ams. These limestones 
would be the thin layers visible in the crowns of the bluffs about 
Atchison. Above the highest rocks discoverable about Atchison 
there is evidence of quite a heavy deposit of shale. This will help 
to account for the peculiar rolling and hilly character of the country 
directly west of that place. 

About eight miles to the southwest, near Hawthorne, the 21-foot 
limestone (the Oread) is again visible. In tlie bed of Stranger creek 
at Monrovia about 18 inches of limestone in thin layers of 6 to 8 
inches at most is quarried. 

About two miles uortli of Muscotah and twenty-two miles west 
of Atchison an interesting series of limestones occur: 
1. — At the top is limestone 21 inches thick, 
2. — 37 feet of shale. ^ 

3. — 30 inches of hard limestone. 
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4. — 8 feet of shale. 

5. — 18 inches of limestone. 

G. — 3 feet of shale. 

7. — 10 inches of limestone. 

8.— 12 feet of shale. 

9. — 18 inches of arenaceous limestone. 

10. — A shale reached by shafting; bears a small deposit of coal. 

The limestone at the top of this series and the 30-inch deposit (3) 
are quarried for building purposes. 

From Muscotah to Centralia is a long stretch of rolling prairie 
which presents no outcroppings whatever in the neighborhood of 
the railroad. But to the north at Granada a limestone is quarried 
which is without doubt a representative of a certain limestone ex- 
posed at Frankfort 30 miles to the west, underlying the Cottonwood 
Falls rock. However, no Cottcmwood Falls rock proper is found 
north of the Central Branch in that vicinity. But directly south 
about twelve miles, in the vicinity of Circleville,the Cottonwood Falls 
rock occurs in abundance 6 feet thick, and may be traced to the 
northwest as far as Frankfort, where the line of outcrop curves to 
the north and disappears under the drift about five miles north of 
Beat tie in Marshall county. 

About five miles northeast of Centralia, and about the same dis- 
tance south of Seneca, the following outcrops were observed: 

1.— The drift at the top. 

2. — Next below lies 30 inches of limestone. 

3. — 25 feet of shale. 

4. — 6 feet of limestone. 

5. — 18 feet of shale. 

(). — An 18-inch laver of limestone. 

7. — At the bottom lies a shale bearing a 4-inch stratum of coal. 

The 30-inch deposit of limestone is extensively quarried for build- 
ing purposes. Those same rocks and the coal-bearing shale occur 
about 18 miles to the southwest near Neuchatel on Coal creek. 
Here they are shown to underlie the Cottonwood Falls rocks, as 
these latter may be found about eight miles to the east and about 
50 to 100 feet above them. No good exposure showing their exact 
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amount of Heparatiou could be found, but the distance is approxi- 
matelv (>0 feet 

From Centralia to Frankfort is a rolling prairie devoid of all rock 
other than the bould(?rs of the drift. 

feouth of Frankfort the bluffs rise? to a heijrht of IGO feet above 
the railroad and have the Cottonwood Falls limestone on their 
summits, about 4 f<»et (hick. JJeueath these to the base of tlie bluffs 
is a succession of sliales 15 to IM) feet thi<'k alternating with ledges 
of limestone 1 to 5 fetM thick. The ledges of limestone terrace the 
bluffs, about (5 terrac(»s being especiallv prominent. 

A little to the soutli of Higelow the Permian lirst becomes con- 
spicuous in the bluffs called Twin Mounds. Here the Cottonwood 
Falls ro<k is about 'M) feet above the railroad and is G feet thick. 

The following secticm is observed r(»aching from the top of the 
mound to this Cottonwood Falls rock: 

J. — 10 feet of limestoni* with tlint nodules verv abundant in the 
upper portion. 

2. — 50 feet of buff shales and thin limesttmes. 

3. — "M) inches of jiorous limestcme witli 8 to 10 in<*h(»s of a prismatic 
blue Hint overlying it. 

4. — About 30 feet of shah^s and thin limesttuies. 

5. — 30 inches of a hard i»rismatic linu»st<me. 

0. — 2 feet and 10 inches of a ctmipact limestom». 

7. — A 3-foot bed of calcareous sliales verv full of fossils. 

« 

The upper strata (1) containing the tlint are very characteristic 
and persistent. Tli(\v w(»re trar(*d north along the JJlue river to the 
Nebraska lim^ and west to Washington count v. Thev occasion 
the flat-tODped bluHs so <Mmspicu()us on <»ither sidt* of the Blue river 
from Bigelow to \Vatervilh\ The tlint nodules in the U])])<*r stratum 
are quite like agate in cenc(Mitric strurturt*. The limestone in which 
they are imbedded is <iuit(» soft and weathers easily heaving the 
nodules exposed and protruding. 

At Waterville two more d(*posits (»f the IVrmian beconu* cim 
spi<'Uous ov(M' the tlinty nodular linieston(». Tli(\v an* (*iu*h about 
GO feet thi<*k and are made up of butT shales and thin limestones of 
a similar color. They an* separated by about 2 feet of buff lime- 
stone so persistent and uniform as to eaus(» a terrace in the bluffs. 
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This intermediate limestone and a similar ledge over the next series 
of shales above form the crowns of the flat- topped bluffs west of 
Waterville, while the flinty nodular limestone crowns the bluffs 
about Blue Rapids. 

Five miles beyond the county line in Washington county, near 
Chepstow, the Permian rises still 40 feet higher by a third series of 
shales and thin limestones. Over this the Dakota sandstones rise 
to an elevation of 98 feet. Thus we estimate the Permian over Cot- 
tonwood Falls limestone to measure about 250 feet. 

The gypsum deposits about two miles west of Blue Rapids and a 
mile or two northwest of Waterville are located in the shales be- 
tween the Cottonwood Falls limestone and the 30-inch Permian 
limestone which has the prismatic flint over it. The gypsum bed 
near Blue Rapids is about 9 feet thick and very pure. 

The principal limestones in the region discussed are the 21-foot 
stratum at Atchison; the 10-foot layer beneath this and the 6-foot 
ledge above; the Muscotah series; the series between Centralia and 
8eneca, also observed at Neuchatel; the Cottonwood Falls series; 
the Permian ledge with the prismatic bed of flint over it, and 
Permian ledge with flint nodules. Of all these, the most important 
commercially and the most interesting geologically is the great 
Cottonwood Falls system. 
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CHAPTER IX. 



RESUME OF THE STRATIGRAPHT AND CORRELATIONS 
OF THE CARBONIFEROUS FORMATIONS. 

BY ERASMUS HAWORTH. 



Outlines of Stratigraphy 



A. — The Mississippian. 



B. — The Coal Measures: 

The Cherokee Shales. 

The Oswego Limestone. 

The Pawnee Limestone. 

The Pleasanton Shales. 

The Erie Limestone. 

The Thayer Shales. 

The lola Limestone. 

The Carlyle Limestone. 

The Lane Shales. 

The Gamett Limestone. 

The Lawrence Shales. 

The Oread Limestone. 

The Osage City and Burlingame 
Shales. 

The Wabaunsee Formation. 

The Cottonwood Falls Limestone. 

The Cottonwood Shales. 

Characteristics of the Coal Measure 
Limestones. 

Characteristics of the Coal Measure 
Sandstones. 



Characteristics of the Coal Measure 
Shales. 

Coal Measure Shales Principally 
Submarine in Origin. 

Inclination of the Coal Measure 
Strata. 

Faults in the Coal Measures. 

Ratio of the Coal Measure Lime- 
stones to Shales and Sandstone. 

Thickness of the Coal Measures. 

Division of the Kansas Coal Meas- 
ures. 



C— The Permian: 

The Lower Flint Beds. 

The Upper Flint Beds of Hay, or 
Florence Flint of Prosser. 

The Fort Riley or Florence Lime- 
stone. 

Ratio of the Permian Limestone 
to Shales. 

Inclination of the Strata in the 
Permian. 

Faults in the Permian. 

General Resume. 

Correlations with the Work of 
other Geologists. 



The eight preceding chapters have been chiefly devoted to de- 
tailed descriptions of the stratigraphy of as many different sections 
reaching wholly or partially across the Carboniferous formations 
of the state. This chapter will be devoted to a general review of the 
stratigraphy of the whole area, an attempt to correlate the different 

- 10 ( 145 ) 
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systems, and point out any general principles which may have been 
omitted or only partially discussed in the preceding chapters. It 
may at times be necessary to repeat statements already made in 
order to place the matter properly before the reader. 

One of the first conceptions to be gained regarding the strati- 
graphy of the Carboniferous is that in general nearly all the forma- 
tions above the Mississippian both dip and thicken to the west, 
particularly in the Coal Measures, and- that occasionally* a wedge 
shaped formation which may be quite heavy under ground at one 
place fails to reach the surface to the east on account of its thinning 
out in that direction until it entirely disappears. The second point 
of general importance is that while the Carboniferous consists of 
limestones, sandstones, and shales, the limestones are by far the 
most regular and persistent laterally, and therefore are of the most 
importance stratigraphically, although they never nearly equal 
the others in thickness. There are great shale beds, it is true, 
which are remarkably persistent and tolerably regular. If we look 
upon them as the principal formations with occasionally included 
sandstones, into which they may grade and again change back into 
shales, we can use them very well. In this way we would consider 
but two formations, the limestones and the shales. Our drawings 
for plates 1 to VIIJ inclusive were made in this way, the limestones 
being represented by the ordinary conventional nmsonry, while the 
shale beds with their included sandstone are left blank. It is be- 
lieved not only that this is the best mode of representation to impart 
to the casual observer a fair idea of the stratigraphy of the Car- 
boniferous, but that the student who, with report in hand, may pass 
over the ground to correct or verify the conclusions here reached 
will also find it to his advantage actually to think of them in this 
way. 

OUTLINES OF STRATIGRAPHY. 

Beginning at the base of the Carboniferous we will now mention 
in ascending order each formation of any considerable thickness up 
to the Dakota Cretaceous, and add such remarks of a general charac- 
ter as may be deemed advisable in order to give a clear and con- 
nected description of the location and extent of each of them. The 
detailed descriptions already given for different localities will be 
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referred to quite often, and the dilTerent drawings will be freely 
used. Plate XXII is a geneialized section of the Carbon- 
iferous. The total thickness here given above the Mississippian 
is 800 feet for tin* Lower Coal Measures, 1,950 feet for the Uppc^r 
Coal Measures, and 795 feet for the Permian, the thickness of the 
Mississippian being indeterminable within the state excepting bv 
drilling. The maximum thickness of the ditTerent formations was 
never used in making th(^se estimates; neither was the minimum. 
Probably at no one ])lace would the drill prove The distance to the 
Mississippian to cpiitc* equal these ligures, but there certainly could 
not be mu(fh of a decrease* in the thickest portions. 



A. THE MISSISSIPPIAN. 

The Mississippian ar(»a within the state is so small one must 
necessarily go beyond the limits of Kansas to study it. Yet the un- 
usually rich deposits of lead and zinc ores within it have given to 
the thirty squan* miles in the southcastf»rn part of the state a repu- 
tation for product ivcn(»ss uncMjualled ])erhaps by any like area in 
the world. Earlier geologists have placed these rocks in the K(»o- 
kuk grouj), wliicli constitul^'s one menlber of the ** Augusta'' of 
Keyes.* They are composed of limestones and cherts irregularly 
interbedded, with shal(»s appearing in some localiti(^s. The chert 
constitutes nearly all of the rocks in certain places, particularly in 
the mining districts wlu^re it carries the greater portion of both 
the lead and zinc ores. In otlw^r i)lac(*s the chert K^comes less per- 
manent and the limestone increases in relative proportion. Along 
the north bank of Short creek at Galena the limestone is tolerablv 

« 

common in the bluffs and hillsides, but to the south it seems to have 
been eroded away or replaced by chert. Both the limestones and 
cherts are well filled with invertebrate fossils. 

The upper surface of the Mississippian was badly eroded before 
Coal Measure time, at least n(»ar the eastern borders of the Coal 
Measures, as expressed in chapter I. Westward and northward the 
formation extends as far as deep drilling has been done, so that we 
have good evidence that it underlies all of eastern Kansas. Its sur- 

•lowa (*,M)1. Surv.. vol. 1, p. r»9: Dt-s Moirio^^, 1>U'J. 
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face inclines rapidly to the west and northwest, but it cannot be de- 
termined whether or not the surface erosion extends very far in this 
direction, as the information given by the drill would have no posi- 
tive bearing on the subject. By recalling the depths at which the 
Mississippian was reached along the lines of the various sections 
already described, we can locate this surface quite well. It seems 
to decline westward more rapidly than in any other direction, as 
will be seen from the following summaries. At Galena it occupies 
the hilltops a thousand feet above sea level with the lowest valleys 
about 850 feet. At Oswego it has been reached by at least two wells 
400 feet above sea level, which is a decline of fully 475 feet from the 
valleys at Galena, twenty-five miles away, or of about 600 feet from 
the hilltops, or something over 20 feet to the mile. Wells at Stover 
and Mound Valley did not reach the Mississippian, but at Cherryvale 
fifty miles away it was reached 1,008 feet below the surface, which 
places it 180 feet below sea level. As this well wap made with a 
diamond drill and an excellent core preserved* there can be no 
reasonable doubt about the correctness of these figures. This gives 
a westward inclination of more than 20 feet to the mile. At present 
we have no definite data regarding the depth from the surface to 
the Mississippian west of Cherryvale. A well three miles west of 
Independence reached 1,100 feet without striking it, one at Niotaze 
1,158 feet, and one at Wichita 1,950 feet, so we can only say it lies 
below these several depths at the respective places. To the north- 
west it was reached at Neodesha 135 feet below sea level, at Fre- 
donia 310 feet, at Fall River 430 feet below sea level, giving about 
a 17-foot decline to the northwest. At Osage Mission, thirty-nine 
miles from Galena, a well 700 feet deep failed to reach it. At Cha- 
nute, fifty-eight miles away, it was reched 36 feet below sea level, 
and at a few other points in that vicinity at similar depths. The 
decline from Galena to Chanute straight northwest is consequently 
nearly 17 feet to the mile, considerably less than in a more westerly 
direction. Northward along the east line of the state it was reached 
at Girard 493 feet above sea level, at Fort Scott 385 feet above sea 

^This core has recently been lodi^l in tho museum of the University of Kansas in a well 
preserved form, where it can \w. examined by any ^>oloKi8t wishinK to do so. 
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level, at Pleasanton 2()ti fe<^t abovc^ si*a level, at i'aola* 1S2 feet below 
sea level, at Kansas City at sea level, and at Leavenworth over 300 
feet below sea level. A well at Topeka 1,038 feet deep, or about 
775 feet below sea level, failed to reach it, and one at McFarland 
2,006 feet deep, or about 1,000 feet below sea level, failed to reach 
it. The inclination from Galena to Kansas City is, therefore, only 
about G.5 feet to the mile. But as the southeastern boundary of the 
(^oal Measures is a line running northeast and southwest the latter 
point should be reckoned, not from (Jalena, but from the near(»st 
point of surface exposure of the Mississippian. According to the 
geological map of Missouri publisli(»(l by Winslowf the Mississi])pian 
occupies the surface at Swe(4 Springs and a few mik^s to the west, 
bringing it to within fifty miles or less of Kansas City. Reckoning 
in this way we have a decline of the? floor from near Sweet Springs 
to Kansas City of about 15 feet to the mile, to Top(*ka at least 14 
feet, how much more we cannot say, and to McFarland of 13 feet 
to the mile, with probat)ly rousiderably more, which is less than the 
decline along the southern line* of the state. From the above data 
we can. calculate the decline in any direction. From Kansas City 
to the southwest we find almost a level in the lloor towards Chanute 
and Cherryvale, but a decline? of about 3 feet to the mile towards 
Fall river. 

From these and other similar data we mav conclude that the 
Mississippian fcu'uuition underlies all, or nearly all, of the Coal 
Measures in Kansas, and that its upi>er surface is strongly- inclined 
westward, equalling 20 f(»et to tlu* mile along the south line of the 
state, and at least 10 feet to the mile for the whole distance to Wich- 
ita, and probably more, while to the north as far as Kansas City the 
inclination averages only about (».5 feet to the mile, with an interme- 
diate value in intermediate directions. According to Winsl<»w,t 
in a direction northwest from Sedalia the Mississi])pian floor de- 
clines about 1.000 feet in l.")0 mil(*s, or a litth* more than 10 feet 
to the mile, but he giv(\s no data regarding the inclination in other 
directions. 

* A litllo doubt has iK-'fii i'Xi»n'sscil rotrardiiitf the cdrrpctiu'ss »)f this wfli rt»iM»nJ. Thi^ r"c<>rd 
uwwl is prt'W'rvtKl in tlu» city public library at Paola. Tlio critici^iin is to the rfTpct tliat tho 
HissisHippian comes nlM)nt 2iKl f(M't lu-aror th»« surface, whicli would corrosimnd hotter with its 
depth at rieas»nton and Kansas City. 

+ Preliminary Report on (\m\, l>i»l, an<l succeetliuir volumes. 

t //... p. 24. 
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B.-THE COAL MEASURES. 

THE CHEROKEE SHALES.* 

First above the Mississipian, or at the base of the Coal Measures, 
lie the Cherokee shales with an averajj^e thickness of about 450 feet, 
which, with their included sandstones, constitute the most remark- 
able formation in some respects in the whole Coal Measures. They 
have great lateral extent, as is shown from many drillings; how 
great is not determined. At Cherry vale they are nearly 425 feet 
thick; at Neodesha fully 425 feet; at Chanute 410 feet, and the deep 
wells at Humboldt and lola did not pass entirely through them; at 
La Harpe they are 345 feet; at Fredonia they seem to be only about 
350 feet, but they thicken again to 375 feet at Fall River. To the 
north they reach to Leavenworth, with the following thicknesses at 
the various places, as shown on plate II: Girard 446 feet. Fort 
Scott 410 feet, Pleasanton 440, Paola 750,t Kansas City 420, Topeka 
at least 700, and Leavenworth 540. With such thicknesses as these 
at the different i)lace8 named, we may well conclude they reach much 
farther to the west. There are also many reasons for believing 
that the same shale beds reach entirely across the state of Missouri 
and into Iowa, llroadheadf mentions a few deep borings, par- 
ticularly one in Kay county, which shows them to be about 400 feet 
thick at that place, and in his general section of the Missouri Coal 
Measures he gives from 350 to 450 feet of shales and sandstones at 
the base. Other wells recentlv drilled in northern Missouri bear 
similar evidence. From the accounts of the Iowa Coal Measures 
given in the different reports of that state and from the writer's 
knowledge of portions of the state, it is reasonably certain that 
nearly the whole of the Iowa Coal Measures have a heavy shale bed 
at their base, the Des Moines formation of Keyes,§ which connects 
directly with the similar one in Missouri and that in turn with the 
Cherokee shales in Kansas. Southward into the Indian Territory 
the siune shale bed extends for manv miles, and probably it con- 
nects with the heavy shale beds at the base of the Coal Measures in 



* Ha worth and Kirk: Kansas UnW. Quar., vol. 2, p. 105, Jan., 1894. 

tSee first foot-note, p. 149. 

X Missouri QtM>l. Sur?. Rep., 1872, part 2, p. 83. 

§Iowa Qeol. Surr. Rep., vol. 1, page 126; Dos Momee. 1894. 
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Arkaiisan and Texas, making one eontinuous formation many hun- 
dred miles in extent. This correlation has not been definitely de- 
termined, but there can be little doubt of its correctness. 

In character the Cherokee shales vary j^reatly both vertically and 
laterally. Portions of them are bituminous, ])ortions are arjjrilla- 
ceouM; and arenaceous. In color they are as variable as in com- 
position. Some are almost a jet black, others a light gray, and 
others representing the various colors usually characteristic of Coal 
Measure shales. They are exceedingly rich in coal, producing at 
the present time more than two-thirds of the whole amount mined 
within the state, supporting all the mines in the vicinity of Weir 
City, Pittsburg, Cherokee, and to the northeast to Arcadia, as well 
as those about Fort Scott and Leavenworth. The well records to 
the west show frequent veins of coal. At Cherry vale a 27-inch vein 
was passed about 15 feet above the* base, and several lesser ones 
above. At Topeka 1 1 veins were passed, while every well record 
examined shows three or more. 

Here and there throughout the Cherokee shales greater or lesser 
beds of limestone occur, usually from H to 15 inches in thickness, 
of very limited lateral extent, but occasionally 4 or more feet, 
although none of them seem to have sufficient lateral extent to be 
of importance stratigraphically. They generally contain many in- 
vertebrate fossils from the list of which the following are taken:* 
Fu8ulij}a cylijulrira in extreme uppe^r portion, Ptilothfvtia trlangu' 
lai-a^ Rhomhopora leptdodendroides,, Athyris lamellosa^ Athyris 
suhtilita (found in almost every limestone in the Coal Measures), 
Chonetes mesoloha. Dlsrina nifi(/a^ Produrtus longif^plnuH^ Pro- 
ductus costatuH^ Spirifeva camerata^ Spirifera piano-con rexus^ 

Spirifera lineata^ Xuntla ventricos(U Srhisodus (very large), 

Bellei*ophon carbonaria^ Marrochcilus prifnigenius. Nautilus pla- 
no-voluis (?). 

THE OSWEGO LIMESTONE.f 

Above the Cherokee shales ar(» two limestone s^^stems separated 
by from 4 to 7 feet of an unusually black shale. Each is from 5 to 
33 feet thick, and they are wonderfully persistent laterally for lime- 

• Copied from catnloffuo of Kansas Coal Measure fossils prepared by Rev. John Bonuott, 
Fort Scott, and constitutintc chaptor XV of this volume. 

tHaworth and Kirk : Kansas Univ. Quar., vol. 2, p. lOT), Jan., L'SiU. 
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f<tori(i so thin. The Cherryvale, Neodesha, Fredonia and Fall River 
well records show they extend that far west. They outcrop on the 
surface in a sinuous line passing from the south side of the state to 
the northeast by way of Oswego, Girard, and Fort Scott, near which 
l)oint they cross into Missouri, and they are found at or near the 
surface over the zone from 5 to 15 miles wide lying uorthw^estward 
from tlieir line of outcropping. Some of the different well records 
to the north show them, and quite likely they were passed in the 
borings at Kansas City and Topeka, although one cannot w^ell decide 
regarding so thin limestones without more intervening w^ells. The 
lower Hmestone is the *'cement rock" quarried and manufactured so 
extensively into hydraulic cement at Fort Scott. These two lime- 
stone systems are so close together that they may be classed as one; 
yet tiie black shale lying between them is widespread and so bitu- 
minous that it must have been formed in very shallow water and 
close to a drv land area. 

Both of the limestones and the associated black shales are well 
lilled with fossils, from the list of which the following are repre- 
sentatives. The corals and crinoids are particularly abundant and 
large: FusiUina ventrlcosa (?), Campophyllum torquium., Syringo- 
pora multatenaata^ Zeaerlnus inuerosplnus^ Chaetetes millepora- 
ceus (very plentiful), PtiloiJictia triangulata (rare), lihombopora 
lepido(Ie?i(/ro!(fes^ Chonetes mesoloha^ Prod actus vostatus^ Productus 
nehrasrenrls^ Produvtus punrtatus^ Ketzia mormoni^ lihynchonella 

uta, Spirlfera lineata^ Allorlsma subcuniata^ Avirulopecten 

(first seen in upi)er limestone), Xuculana bellistriata, Orthis 
carboaarla^ Bellerophon monifortanas. Naticopsis ventrlcosa^ Pleu- 

rotomaria sphaerulata^ Gonetites , Nautilus ferratus^ Or 

thocerus rushensis. Phi Hips ia major. 

Above the Oswego limestone lies a bed of shales of variable 
thickness. Tn places it is over 40 feet, but the borings at Mound 
Valley and Cherryvale and all those made north of Thayer as well 
as those north of Fort Scott show that it almost entirely disappears 
in those directions. North of Fort Scott it carries considerable coal 
which supports local mines. 
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THE PAWNEE LIMESTONE.* 

Above the shale bed hist iiientioned ii limestone occurs in the 
southern part of the state which also thins towards the north. It 
was recognized l\v Swallow, and has been mentioned by almost every 
geologist writing on that locality since. It is particularly well de- 
veloi^ed in the vicinity of Fort Scott and to the southwest for a 
number of mil(»s, as has already been given by Bennett in chapter IV. 
It may be not(Ml as having th(» least lateral extent in proportion to 
its maximum thickness of anv limest(me svstem known in the whole 
Carboniferous area. Yet iK)ssibly after all, could we have authentic 
records of wells sutticiently close* togethc^r to the west and north, we 
might be able to prove its existence for a greater distance than is 
now known. As the shales between it and the Oswego limestones 
thin out to the west and north the Pawnee limestone and the Oswego 
limestone are brought close together, so that in a way they may be 
looked upon as constituting one great limest<me system. Various 
well records to the northwest show this. We have, therefore, above 
the Cherokee shales and below the next great shale bed a series of 
limestones the (existence of which is j)roved by almost every well 
record studied in the state, so that one or all they are of very great 
lateral extent. 

The Osweii:o linu^stone and the Pawnee limestone are rarely if 
ever horizontal, and the dip is (juite irregular. As pointed out in 
chapter II, th(\v abound in small anil low anticlinals and synclinals. 
These irregularities are as great as almost any others noticed in the 
whole area. 

The Pawnee limestone affords the following fossils in considerable 
abundance, with many others not given: Cyantha.ronui ^llHtorta^ 
Lophoplnjlbnn prollferuiUs FlsfuJaj^ora mHlaUfera. Proditt'tun long- 
ispinuH^ Sptrifera llneatas Sptrifcriita krnfuck'lenHlss Plenrotoma- 
rm sphaerutatif. 

THE PLEASANTON SHALES.t 

Above the Pawm^e limestone are the Pleasanton shales, which in 
places approach 250 feet in thickness. Their greatest thickness is 
towards the southwest. To the north from Pleasanton they rapidly 

•Swallow: (jtHtlitK.v of Kansas, iNWi. p. "J*. 

t Hawortli: Kaii>as I'niv. (^iiar., vt»l. H, p. -71; Lawrciuv, April, lM»r>. 
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grow thinner, so that at Fontana and Paola they are relatively un- 
important, but they thicken again until at Kansas City they are 180 
feet thick. Southwestward from Pleasanton they maintain their 
thickness quite well and constitute a considerable portion of the 
high divide between the Neosho and Verdigris rivers. As is so 
common. with all the Carboniferous shales, they often grade into 
sandstone, which in turn passes back to shales, so that wherever 
they are examined one is liable to find considerable arenaceous 
properties. At their summit at Boicourt a heavy bed of sandstone 
from 10 to 12 feet thick has furnished large quantities of stone for 
bridge building and other purposes. In places they also carry ex- 
tensive beds of flagging stone, for detailed information of which 
the reader is referred to the preceding chapters, particularly chap- 
ter IV. 

The Pleasanton shales also carry large quantities of coal. In 
the vicinity of Pleasanton and Boicourt coal mining has been con- 
ducted for nearly 40 years, earlier by the strip pit method, but more 
recently by shafting. At least two distinct veins of coal occur 
nearly a hundred feet apart, and possibly more, so that they are 
quite noted in this respect. Here and there also considerable cal- 
careous material is met with. In the section along the Marmaton 
one limestone mass aggregating 8 feet in thickness was described 
bv Bennett, vet its lateral extent was not sufficient to warrant a 
separation of the shale bed on account of it. Other lesser lime- 
stone masses have been found, all of which carried an abundance of 
fossils, of which the following may be named : Cyanthaxonia distorta; 
Athyris trinuclia, very rare; Chonetes mesoloha, last seen here; Disc- 
ina nitida, becoming rare; Rhynchonella uta. 

According to Mr. Bennett there is the greatest change in the 
fauna at the top of the Pleasanton shales noted anywhere in the Coal 
Measures. For this and other reasons the top of this shale bed has 
been chosen for the uppermost limit of the Lower Coal Measures. 

^ THE ERIE LIMESTONE.* 

At the close of the formation of the Pleasanton shales a limestone 
forming period was ushered in. Limestone almost to the extent 
of 100 feet in thickness was formed in some parts of the state, not 

* Haworth and Kirk : Kansas Univ. Quar., vol. 2, p. 188 ; Lawrence, Jan., 1894. 
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in one continuous mass, however, but separated by thin and rela- 
tively unimportant sliale beds. As shown on the surface this proc- 
ess was carried to tlie highest degree of perfection in the country 
to the west of Fort Scott, and is w^ell illustrated in plate IV. Here 
we have three distinct systems one above the other which are so 
close together that they properly should be regarded as one great 
system. To the south, however, they soon separate considerably, 
so that the intervening shale beds assume considerable thickness. 
The individual limestone systems also decrease somewhat in thick- 
ness, and therefore have been a less imi)ortant factor in producing 
the topography of the country. The lower one seems to pass a little 
above Osage Mission, from there to the east of Parsons a mile or 
two, and bv the wav of Altamout to bevond the south line of the 
state, leaving the great bed of Pleasanton shales between Altamont 
and Oswego. Throughout this distance the outcropping of the 
limestone is not verv stronglv marked bv surface features. The 
middle of the three limestones likewise passes to the southw^est with 
its eastern margin gradually growing farther from the Altamont 
limestone, so that it passes near Mound Valley southward to beyond 
the state line. Tn this case, however, there is a bold escarpment 
which marks its (*ast(Mii limit from the state line northward fifteen 
or twenty miles, bevond which it gradually merges into a similar 
escarpment produced by the Erie limestone systems combined. At 
Mound Valley the vertical distance between the middle and the 
lower of the three limestones is approximately 125 feet, as has been 
explained by Adams in chapter I. The uppermost of the three lime- 
stones follows a course similar to that of the other two, excepting 
its eastern boundaries bear to the west more decidedly still and pass 
near Erie, Galesburg, Cherryvale, and Liberty. Throughout por- 
tions of this distance a strongly marked topography results from 
the combination of conditions produced by the limestone and the 
underlying shale bed. For many miles there is a row of bluffs or 
isolated mounds similar to those in Mound Valley, only more pro- 
nounced. 

From the vicinity of Uniontown northward the Erie limestone 
systems remain tolerably close together, passing Mound City, Pleas- 
anton, Boicourt, La Cygne, and Fontana, and reaching to the north- 
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east across the state line. Throughout the whole distance the 
topographic features are similar to those in the vicinity of Mound 
Valley and Cherryvale, but here they are produced by the Erie lime- 
stones serving as a protection above the Pleasanton shales which 
have their maximum thickness in this vicinitv. These limestones 
as a whole are very interesting in many ways. Their separation to 
the southward producing the radiated structure is diffei'ent from 
that usually found in the state, the uppermost layer thickening so 
rapidly to the westward from Cherryvale, reaching a thickness of 
40 feet at Independence, and the remarkably large masses of flint 
which they carry, particularly in the vicinity of Uniontown, are 
some of their prominent characteristics. Northward they extend 
to the bluffs along the Missouri river. Broadhead* has named the 
lowermost member the Bethany Falls limestone, number 78 of his 
section. According to his report it reaches from the north line of 
Missouri to Kansas City. In a section made by Professor Tiltonf 
a heavy mass of limestone is met with between Bevington and 
Winterset which has been traced southward to the Missouri line, 
where the lower portions of it may be correlated with the Bethany 
Falls limestone.J To the northwest from the outcropping of the 
Erie system every well record examined shows large quantities of 
limestone to exist. It seems that they represent a period noted all 
over the Carboniferous of Kansas for great limestone productions. 
The shale partitions between them vary in thickness, sometimes 
aggregating several hundred feet, as from Altamont to Cherryvale, 
at other times dwindling to so thin beds that in some of the well 
records, i)articularly the one from Fall River, the shales are scarcely 
represented, although they were actually present. In other places 
the shales lirst above the Erie limestone, the Lane shales, grow thin 
so that the Erie limestones seem almost to coalesce with the great 
lola limestone beds, which intensifies the limestone forming action 
at tjiis period. Every well record studied for the whole state shows 

♦ Report Missouri (iool. Surv., I.s72, part 2, p. 77. 

+ Iowa (feol. Surv. Rep., vol. :\, p. 1:^7; Des Moines, lSj)r>. 

t Keyes, Aiii. Jour. Sci., vol. :A), p. 2i:{: New Haven, lH<ir>. Doctor Kejes sii^^rsts tliat inas- 
mucn as this correlatitm has been iH?rfecie<l, the term Bethany Falls limestone should Ix' ap- 

flied to the whole f;roup. It is (juite evident tliat Broaciheaii did not intend liis name Bethany 
alls to be used iu s<i exterrsive a s«^us<', antl as the term Kri«' linkestone was pro|K)sed nearly two 
years befoni the suKfft'stion made by DtK*tor Keyes, priority wouhl not allow the US4> of the term 
as he suKfcet^ts. 
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that aggregated or separated they occur in increasing thickness 
westward, increasing principally at the expense of the intervening 
shale beds. 

The Erie limestones abound in fossils, from the list of which the 
following species are selected as ri^presentatives: Fusulina cylin- 
drii'a, Axophyllum rudis, Campophyllum torquium, ArchiocidarUi mucro- 
natus, Archiocidaris triserratUy Erisocrinus typus, Eupachycrinus 
tuherciilatus, Scaphocrin us hem InphrrictiSj Zcacrui kh acanthophonis, 

Serpiila incita, ^pirorhis carbonaria, FcnnesteUa , Polypora 

suhmaiginata, Synocladi<i MseriaUSy Chonet<'s (jranidifera, Chonetes 
amithi, Chonetes mUlepunetatus, Orthis preeosi, Orthis rohusta, Orhicit- 

loida , Productus americana, Productus pcrtenuiSy Produetus 

»ym/netricus,tSytftrialasma hemipUeaiu/Vevehratula bovidens.AUorisma 
granosa, AUorisma refiexn, Alloriswa suhvuneatay Aviculopecten carhon- 
iferus, Aviculopecten interliniatus, AviculopeHen providciicensis, Avi- 
culopecten americana, Chaenomya learenworthensis, Conocardium 
ohliquan (very rare), Edmondia aspimrallensi^. Edmondia ovata, 
Edmondia reflexa, Macrodon carhonarius, Monopteria gihhossa, Mya- 
Una suhquadvata, Myallna snaUowi, Xucula parva. Pinna paracuta, 
PleurophoruH ohlongus, Schizodus uheeleriy Solenopsis solenoides, 
Jiellerophon crassus, Lo.ronema rugosa, Naticopsis gigantia, Platyceras 
nehrascenses, Pleurotomaria turbiniforniia, Pen pa vitustaf Conulnria 
crestula, Goneatites lyoni, XautiluH occidentalis, Xautilus ponderosus, 
etc. 

THE THAYER SHALES.* 

Above tlie Erie limestone* in the southern part of the state heavy 
shale beds occur, which in X(M)sho, Wilson and Montgomery counties 
reach a maximum tliickn(^ss of over 200 fe(4. but which grow tliinner 
northward until thev became h»ss than .'^O feet in thickness. Thev are 
prominent from Chauute to the southwest, and constitute the main 
masses of the bluffs along the Verdigris and Fall rivers from Bene- 
dict and Fredonia southward to beyond Tnd(*pendence. The famous 
Table Mound north of Independence is composed almost entirely of 
them, on the westcM-n side of which a s(*ction of 200 feet or more is 
shown. They have been passed through by (»very prospt^cting well 

•These shales were callwl tlic Chniiute shnloa, Haworth and Kirk: KansuN Univ. Quar., vol. 

2, p. 109, Lawrence, January, ixiM ; but wi»n< chauf^ed to Thayer shales, Kansas Univ. Quar., vol. 

3, p. 270, Lawrence, April, 1^95. 
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in this part of the state west of their outcropping, so that we know 
they extend many miles westward under the superimposed strata. 
They frequently grade into sandstone, furnishing many workable 
quarries of that rock in various places, particularly in the vicinity 
of Thayer, Neodesha, and Independence. Ripple marks and other 
indications of shore deposits are frequently found in them and the 
arenaceous shales associated with them. These shales also carry 
two or more seams of coal, which are mined locally to a considerable 
extent in the vicinity of Thayer, from whicli the surrounding country 
is largely sup[)lied. 

THE lOLA LIMESTONE.* 

At the close of the period in which the Thayer shales were pro- 
duced a great limestone-forming period was ushered in, producing 
the most extensive limestone system to be found anywhere within 
the Carboniferous of the state — the lola limestone. To the south- 
west, in the vicinity of Klk City, it is reported from a well to be 100 
feet thick. Northeast of this it diminishes in thickness until, at 
lola, it is onlv 40 feet. Still farther northeast it diminishes more, 
so that in places it is not more than 20 feet thick; but in the vicinity 
of Olathe it thickens locallv to at least 50 feet. Northward from 
here it reaches to the blutl's along the Kansas and Missouri rivers, 
is the most prominent heavy limestone at the top of the blulf in 
Kansas Citv, and extends far to the north and east into the state of 
Missouri, j)assing below the railroad bed along the Missouri river 
at Connor. Its southeastern outcroj)ping marks the crest of a row 
of bluffs from the south, line of the state to the vicinity of Mound 
City, at which place the Thayer shales decrease in thickness to such 
an extent that the tojmgraphic features due to the lola limestone 
coincide with similar ones produced by the Erie limestone. The 
distance to which this limestone extends beneath the surface can 
only be conjectured. The wells at Topeka and Fall River, the 
farthest west of any in the Carboniferous, show that it occurs in un- 
diminished thickness, while every one in the intervening area shows 
the same fact. 

In places the lola limestone is very fossiliferous, producing the 



•Ha worth and Kirk: Kansas Univ. Quar., vol. 2, p. 109; Lawroncp, January, 1W4. 
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followiii*!: species witli many others: Mivhclinia vugeneae, Athyris 
suhtiUta, L'lngula scotia, Product us longispinus, Prothtctus pcrtenuis, 
Spirifera camerata, Splrifera lincatuH^ A riculopccten carhonfenis, 
Pinna subs pat uhita, Xautihis occidmtaliH, Nautilus missouriensi^, 

THE CARLYLE LIMESTONE.* 

Above the lohi liniestom* is a thin bed of shales with no marked 
eharaeteristies and of but litth* stratip'aphie importance. They 
have been describ(»d in boili chapter IV and chapter VIL Above 
these W(» enconnt(»r tlie <'arlyh* limestone, wliich also has been 
mentioned in cliapl(Ms III and \'II. Tlie northeastern limitations 
of this limestone hav(» not been fully determined. At some places it 
seems to occur, while al others ir is scarcely noticeable. From lola 
northward to Kansas rity, and thence* up the Kansas river to Law- 
rence, a thin linu'stonc system is found above the lola limestone 
which corresponds in position and thickness very well with the 
(/arlyle limestone, and ([uite likely it is the same, althou<rh exact 
correlations have not be(»n made. 

THE LANE SHALES. 

Above* the Carl vie limestoui* the Lane shales are next reaclnKl. 
These have been revi(*wed in chapters II, III, V, and VII, in the 
latter of which their extent and jj:reat strati graphic importance has 
be(»n particularly dwelt ujK)n, so that nothing need be added here. 

THE GARNETT LIMESTONE.* 

Immediat(*ly above the Lane shales are two limestones separated 
by from 10 to Lj feet of shah»s. They apj>ear in the bluffs at Argen- 
tine and from the upper limestone westward to Eudora, and have 
bi»en passed by boiings at Lawrence and Topeka. They cover the 
surface over a wide area along the Pottawatomie and N(*osho rivers 
and northward to Eudora and Argentine, and extend southwest 

across t\w Xeosho river and probablv to bev(md the limits of Kansas. 

I t « 

North of tlu* Kansas river thev extend to Leavenworth, where they 
dip almost to the water's edge, and from hen* across the river to 
Plattsburg, Mo., and b(\vond. 

•Uuwortli ami Kirk ; Kansas Univ. Quar.. vol. 2, p. 110; Lawrouce. January, li»94. 
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In places they thickeu greatly. At the Lane "marble" quarries 
the upper one has reached the thickifess of 30 or 40 feet, as it has 
also done about three miles east of Greeley. The most common 
invertebrate fossils found in them are the following: Campo- 
phyllum (?), Fetiestella (?), Synacladia hiseriaUs, Derhya (?), Productus 
americanuSy Productus semireticulatus, Syntrialasma hemiplicata 
(very abundant in places), Myalina kansensis, Myalina recurvirostris^ 
Euomphalus subruyosus, Naticopsls altoncnsis, Pkurotomaria tabulata, 
Nautilus occidentalism and about 40 other species. 

THE LAWRENCE SHALES.* 

These shales in the vicinity of Lawrence are near 300 feet thick, 
if we let the name cover all lying between the Garnett limestone 
and the Oread limestone above. Occasionally a thin limestone 
occurs within them, one of which sometimes reaches 6 or more feet 
in thickness, but none of which have sufficient lateral extent to be 
of much consequence in stratigraphy. Southward from Lawrence 
they become thinner, so that along the Neosho river and to the south 
they gradually lose their great imi)ortance. Northward they main- 
tain their thickness much better. They vary greatly in character 
in different places. They carry a prominent coal seam, which is 
mined extensively in Franklin county and to a lesser degree else- 
where, especially in Douglas county, and recently near Atchison. 
They carry a great deal of sandstone, but none of which is of a 
proper quality to be of much value economically. They are also 
particularly interesting on account of the large amount of arena- 
ceous shales they have, almost all of which are filled with ripple 
marks and other indications of shore deposits. In fact, from top to 
bottom, they have such markings the most abundantly of any 
shales thus far passed. They also furnish excellently wetll pre- 
served specimens of fossil coal plants. 

The great thickness of the Lawrence shales produces marked 
physiographic effects. A great escarpment may be traced from 
Leavenworth far to the southwest of Ottawa, the bluffs of which 
are composed entirely of these shales, while an exceedingly rugged 
form is preserved by the protection of the overlying limestones. 

* Ha worth: Kansas Univ. Quar., vol. 2, p. 122; Lawrence, January, 1894. 
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THE OREAD LIMESTONE.* 

Above the Lawrence shal(*s are found two limestones averaging 
about 15 feet thick separated by about 20 feet of shale . They out- 
crop along the tops of the- bluffs reaching from Atchison and Leav- 
enworth to considerably south of (Jarnett, and take their name from 
Mount Oread at Lawrence. Westward they extend as far as any 
drill record has been obtainable. The upper one constitutes the 
main limestone in tlie blulls at Lecompton and Atchison. p]ach is 
well filled with fossils, but partirularly the upper one, from which 
41) species were gath(M(^d in a few hours' time at Lecompton. The 
following is a partial list: Fu.HiiUna c///i?/f//'/cf/, C inttluuronia diHtorta, 
Arch iocidaris ( ?), Scaph krion us { ? ), Vhomica (jmn ulifvra, Derbya 
hentU'ttL Derbifa hroadhcadi, Mvchrlla Hiriatn-eostata, Orthis rohuHta, 
Product us scmircticulafus, Rrtzia mormoni (large variety), /Striahismo 
hcmiplicatit, Alloriswa nffulari.s, Asfartclhi (?), Avicula tonifd, Ed- 
mond'iu uebrascrusis, Kutolium arUula, Monotvria mariau, Plcuroto- 
maria bouharborcnsis, Xautilus sfinffamonmsis, Palcocaris tlpus. 

Above the Oread lim(»ston(^ is a bed of shale a little more than 60 
feet thick, after which come the lhn»e Lecompton limestones ex- 
posed on the hilltop south of Lecompton. They are only a few feet 
thick and an* separated by thin sliale beds. Above them is another 
shale bed al)out 75 feet thick, the two thin limestones exposed at 
Tecumseh, another shale b(»d 50 or (10 feet thick, and then the three 
limestone systems wiiich appear near Topeka. These are of little 
interest except from tlieir position. Above them lies another shale 
bed 50 fe(»t thick, at the top of which lies the Topeka coal, a seam 
about 11 inches thick which has been mined at ditTerent places. Th(» 
coal is immediately overlaid by two thin lim(»ston(* beds separated 
by less than .*> foel of shale.t 

♦Hawdrth: Kansas L'niv. (^iiar., vdI. J. p. VSi: Lawn-uci'. Jaimary, 1>1«4. 

tSinco this volume ^tart«'(I tlinnmh tin- pn«ss, Mr. J. W. 1»-«mIi'. <»f T(>iM-ka, a .voiinj;nKin fully 

cunablo of «l<>iii^' tin* work, \ui< run a srctiou to tin ith\vf-t from Topeka, c<»iim*otiiiH: the 'l\t- 

pcka coal with the ('arbonilale-liurliijiraim- ctial, ami hti^ sliown that tin- T<iiK'ka coal, and nt)t 
that at Dover UH» fert alM>ve. >h«»uM be rorrelatrd with the ('arhDnd.'ih-lhirlinxramc-O.-ain' 
City coal. The Dover coal is repre-^int.-d \>\ a thin seam in the hluiT> at Hurlinyrame. This vol- 
ume* L* then»fore in error in a numtj^-rof phu-e.- where the Dover coal is correlated with theOsafe'c 
City coul.- K. n. 
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OSAGE CITY AND BURLINGAME SHALES.* 

Above the limestone mentioned are the Osage City shales, more 
than 100 feet thick, at the top of which lies the Osage coal, 
averaging 18 or 20 inches thick. Above the Osage coal is a thin 
limestone system, superseded in turn by the Burlingame shales, 
which are 150 feet thick in the vicinity of Burlingame, and possibly 
more in places. Both the Burlingame and Osage City shales extend 
long distances to the southwest and northeast and are important 
hmdmarks in stratigraphy. Another interesting feature of these 
shales is the great abundance within them of shaly sandstones and 
limestones carrying so many npple marks and other indications of 
marginal deposits. Years ago Professor Mudgef discovered many 
reptilian tracks in the shaly limestones at the quarries near Osage 
City. He purchased two car-loads or more of the flagging stone on 
account of their carrying so many tracks, and shipped a large por- 
tion of thcMu (o Yale University, from which Professor Marsh$ has 
recently identified them as being the tracks of Monopus caudatus and 
four or five other species. The Osage coal and the Osage City and Bur- 
lingame shales are particularly interesting on account of their evi- 
<lence regarding the conditions which obtained at the time of their 
formation. There can be no doubt but that the marginal area and 
the ancient shore line gradually progressed westward from near 
the southeast corner of the state at the beginning of Coal Measure 
time until here we find them at least 120 miles farther away, during 
which period no less than 2,200 feet of Coal Measure deposits were 
furuK^d. 

THE WABAUNSEE F0RMATI0N.5 

.Miove the Osage City shales w^e have continuous sections of 
limoMtoneH and shales to the base of the Permian. Professor Pros- 
wtM* luiM proposed that the whole of this group lying below the Cot- 
hihwtHMl Falls limeHtone be called the Wabaunsee formation, and 
WMUhl Include within it the Burlingame shales above mentioned. 
*rhn wholo formation is similar in general character to those below, 

* I^HHmHii (ImIv. Uuur., \u\. H, p. 27.S; Lawrtmco, 1895. 

f \im«iUim( tlum*. t»f Ht^l.. v«il. h, iH7:i. 

I VmvtM^tmiluui'. Mf HoIm vol. iJi, in». Ml M; Now Haven. 1894. 
I IS^^MtH • %l*»m-, of Um^u vul. H, |>. tiW; Chicawro, October, 1895. 
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but there is a gradual transition in physical properties in both the 
shales and the limestones. The individual shale beds become thin- 
ner and gradually assume the peculiar lighter hue which must be 
observed in connection with the shales below in order to be fully 
understood. Here and there throughout the lower portion of the 
Coal Measures, it is true, beds of shale fully as light as those of the 
\A'abaunsee formation oc^cur, but they are interspersed with black 
bituminous shales, while in the Wabaunsee the latter are very rare. 
The limestones also take on a corresponding change. The beds are 
thinner than below, so that the alternations of limestone and shale 
are more frequent and the proportion of limestone is growing less. 
A peculiar light buff color creeps in so that the novice could readily 
distinguish between the greater portion of the Wabaunsee lime- 
stones and those below. This formation extends entirely across the 
state from north to south. It graduates into the conditions of both 
those above and below so that there are no sharp lines of demarka- 
tion, neither physical nor paleontologic. The thinning of the in- 
dividual shale beds or the increasing, we might say, of the number of 
limestone shelves, introduces slightly different physical conditions, 
so that the general appearance of the surface of the uplands is not 
quite, so rugged as may be observed farther east, but the various 
streams have cut their channels deep into the rocks and have left in 
some cases bluffs on either side reaching a height of from 200 to 300 
feet above the valley of the stream. In this way the irregularities 
of the topography in the immediate vicinity of the drainage channel 
are fully as great or greater than that farther east, while the general 
upland conditions are more uniform, the escarpments Avhich are 
visible being more mild. 

Throughout the whole of the Wabaunsee formation only one 
limestone is of any special interest, the heavy coarse looking system 
lying about 30 feet below the Cottonwood Falls rock with which it 
seems to be entirely conformable. It is well illustrated in the sec- 
tion along the Neosho river and the Cottonwood river, and less per- 
fectly along the Marais des Cygnes river and the Kansas river. 
Many large angular fragments are strewn along the sides of the 
bluffs below the formation, which in some i)laces reach nearlv 20 
feet in thickness. 
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THE COTTONWOOD FALLS LIMESTONE.* 

In oiir ascent from the base of the Carboniferous we finally reach 
the Cottonwood Falls limestone, a system which extends entirely 
across the state from north to south, and which is most remarkable 
on account of its ^veat lateral extent and uniformity of character- 
istics, particularly so when we consider that nowhere throughout 
the Avhole area studied does it vary to less than 5 feet nor more than 
10 feet in thickness. It is also remarkable on account of its associ- 
ation with an overlying shale bed Avhich is so filled with invertebrate 
fossils of characteristic types that it can easily be recognized 
wh(»rever found. The Cottonwood Falls limestone is further re- 
markable for its uniformity of both texture and color, and freedom 
from lateral and vertical seams. These make it an exceedingly 
desirable* stone for building purposes, especially where large pieces 
an* waut(Ml. Quarries are operated in it in many localities, such as 
Manhattan, Alma, Eskridge, Americus, Cottonwood Falls Clem 
(Mits, and other places to the south. The limit in size for rocks 
obtained is only determined by the demand and the mechanical 
appliances for .o])erating the quarries. The topographic features 
vary so greatly that the limestone is irregularly expos(»d to the sur- 
face? over a belt twenty miles or more in Avidth, reaching across the 
state from Manhattan southward. Thus its eastern outcropping, 
as given in chapter V, is at Eskridge, Avhile the broad valley of Mill 
creek cuts downward to it twenty miles to the west. It approachi^s 
to within a few miles of Emporia and is again found at Clements, 
thirty miles to the west, with many quarries at intervening points. 

THE COTTONWOOD SHALES.f 

Immediately above the Cottonwood Falls limestone is a bed of 
light colored shales which will average about 14 feet in thickness. 
They seem to be co-extensive with the limestone and are character- 
ized by the unusually great {ibundance of invertebrate fossils which 
they contain. In this way they at once become a most important 
stratigraphic formaticm, for their fossils permit their ready recog- 

*Tlii?« iiiiiiu« is a common roinmorcial tonn. Haworth and Kirk ns<»<l it, Kan8a.s Univ. 
Qnar., .lanuary, InJM; l'n»ss,T ust's the sarno "Cottonwood"' for the same, Bui. Gcol. S(h'. Am., 
?ol. tJ, p. MK and in .I«)nrnal t>f ({t'oltj^jy, vol. 'A, p. (>'.»?, cf trtf. 

t F'roHiHor: Bui. (Jt'ol. Soo. .\m., vol. 0, p. 411. 
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nition wherever observed. Tojijetlier with the limestone they consti- 
tute the Cottonwood formation of Prosser. 

CHARACTERISTICS OF THE COAL MEASURE LIMESTONES. 

The Oswego limestones have been menticmed in different places 
as exceedingly compact and semi-crystalline thronghout, and as 
particularly noted for their characteristic fauna. The lower one of 
the two in many places is one solid mass throughout, having no 
division into layers as limestones often have; further, it is charac- 
terized by slight impuriti(*s which render it valuable for the manu- 
facture of hydraulic cement, the only limestone in the state thus far 
discovered possessing these proptM'ties in so marked a degree. The 
upper one, on the contrary, is more nearly normal in the matter of 
division into layers, but in many places is suflficiently crystalline to 
take a fairly good ])olish. 

JThe Pawnee limestone as (»xposed in the vicinity of Fort Scott 
is massive in its nature and weath(M*s into large blocks which are 
ditTer(»nt from thos(» of any other system obs(»rved in the state, and 
strongly resemble simihir blocks seen along the blutfs capped by the 
lola limestone. lUit a close (»xamiuati(ui of such boulders would 
determine at once that thev ditt'er from the lola limestones in manv 
respects. Both north and south from Fort Scott this massive char- 
acter of the l*awne(» linu^stone gradually disappears, so that it more 
closelv resembles other limestones. 

The Erie lim(\stones in the vicinity of I'nicmtown are character- 
ized in two particulars. One is the great abundance of flint nodules 
which they contain, particularly the middle system, as has already 
been described by Mr. Bennett. No place in the state is known to 
the writer, not even the Hint bedsT)f the l*erniian in the vicininty of 
Florence and Fort Riley, which carries a larger amount of flint 
nodules nor larger masses of Hint than do these beds in places a few 
miles to the west of Portervale. The other characteristic referred 
to is the almost complete crystalline structure which the Erie lime- 
stones possess in places. There seems to be an association in 
some way between the degree of crystallization and the abundance 
of flint, so that near Uniontown the crystallization is highly de- 
veloped. 
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The lola limestone is remarkable in four ways: First, its great 
thickness; second, its great lateral extent; third, its unusual freedom 
from both lateral and vertical seams, and fourth, its high degree of 
crystallization. These points have all been referred to in pre- 
ceding chapters. The freedom from either vertical or lateral 
fissures is so great that in the quarries at lola immensely large 
blocks can be obtained which show no sign of fissures of any kind. 
This property is also recognizable along the outcroppings of the 
rock on the summits of the hills. The masses which break loose and 
begin working their way downward are remarkable for their great 
size. In many places such masses measure from twenty to fifty feet 
across, and doubtless in extreme* cases, such as at Table Mound, 
they are even greater. In degree of crystallization almost through- 
out the whole of its extent within the state at least two-thirds of the 
mass of calcium carbonate exists in the crystalline state. This per- 
mits one to recognize it in maity instances. In a few places only, 
such as around Fontana, does this crystalline structure decrease to 
normal conditions. 

The Garnett limestones have characteristics which are of no 
special importance, excepting in the vicinity of Lane, where the 
Lane quarries occur. Here they assume a crystalline structure and 
a degree of compactness which render them unusually valuable for 
building material. Even more, they are susceptible of taking a 
high polish, so that they are serviceable for pedestals of tombstones, 
monuments, and other ornamental work. This property has given 
to them the title of **marble." 

The upper one of the Oread limestones is noted for the large 
amount of fiint which it carries, in some places almost equalling the 
ordinary proportion of flint in t\w famous Flint Ilills limestone. It 
is also characterized as remarkably compact, as already pointed out, 
and is exceedingly rich in faunal cQntents. 

In passing westward, shortly after leaving the horizon of Topeka, 
a marked change begins to be perceptible in both the limestones and 
the shales. The limestones begin assuming that peculiar buff color 
which is so characteristic of th(* Permian rock, a color which must 
be observed to be understood. In some of them this fades almost 
to a white, especially upon weathering. This is particularly true 
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of the Cottonwood Falls limestone, a rock which, as shown on the 
hillsides in the boulders broken from the ledges, seems to have an 
almost pure white color. The shales also begin parting with their 
dark carbonaceous or bituminous appearance and gradually grade 
into the lighter yellow or bulT characteristic of the Permian shales. 
In this way the physical change is gradual, so that there is no sharp 
division line in the general characteristics of the Upper Coal 
Measures and of the Permian formations. 

The various limestones above Topeka need little description until 
we come to the heavy limestone about ^50 feet below the Cottonwood 
Falls rock, which is the dry-bone of Swallow. This one has a very 
characteristic appearance, so that it usually may be recognized 
quite readily. Being so heavy it has been an important factor in 
producing the physiographic conditions, therefore it is prominently 
exposed along the bluffs in many parts of the state. The term 
"dry-bone'' was evidently applied by Swallow on account of the 
rough porous surface produced by weathering. In some way por- 
tions yield to the weathering agents much more rapidly than others 
and by dissolving out leave a coarse honeycombed texture for the 
whole mass. The color of the rock, also, is darker than those 
either above or below, so that it presents a prominent appearance 
on the hillsides. ^ 

The Cottonwood Falls rock has already been described so )vell 
that little need be addded here. It weathers white, more so than 
any other rock known in the sate. It is slightly porous throughout 
the whole mass, and it almost universally carries large quantities of 
Fu»ilina cylindrim, Avith but few other fossils. In places considerable 
quantities of liiut are found, enough to seriously interfere with the 
dressing of the stone, but this is not generally the case. The most 
prominent feature, perhaps, of this rock is the unusual absence of 
vertical fissures within it. This is true to so great an extent that 
blocks of any desirable size can be obtained. It is no exaggeration 
to say that masses hundreds of feet in extent could easily be taken 
out which would be entirely free from vertical fissures. The soft- 
ness of the rock, which permits it to be sawed with ease, the color 
of the rock, which makes it desirable for whole structures or for 
trimmings in brick buildings, and the unusual freedom from fissures, 



168 ' University of Kansas Geological Survey. 

combine to make the Cottonwood Falls limestone the most valuable 
rock known in the state, while its unusually great geographic extent 
brings it within the easy reach by rail of all parts of eastern Kansas 
and adjoining territory. 

CHARACTERISTICS OF THE COAL MEASURE SANDSTONES. 

The Carboniferous sandstones are exceedingly variable and un- 
certain; the ease and frequency with which they grade into the 
shales and back again into sandstones is noticeable on every hand. 
As has been stated, this property is so marked tliat for stratigraphic 
purposes they are practically useless. In only a few^ places can 
any particular sandstone formation be traced in a northwest and 
southeast direction exceeding ten miles. The most noted of these 
exceptions is in the vicinity of Redfteld and Farlington where the 
great flagging-stone beds occur over so wide an area. The (con- 
ditions of these flags show that they were formed in marginal areas 
not far from shore. 

The sandstones in the Cherokee shales in most cases are in thin 
layers producing good flagging stone. This is well represented in 
the southeast corner of township 33 south, range 24 east, in Cher- 
okee county, at the quarry operated by Mr. Riley Burrass. Here 
it would seem there is no limit to the flagging stones which may be 
obtained. Some of them are less than 2 inches thick, while others 
are from 6 to 30 inches. They can be obtained of any desirable 
dimensions, even to extreme lengths. Above this bed of flagging 
stone perhaps a hundred feet or more the Columbus sandstones are 
reached, the most striking characteristics of which are the thick 
layers in places and the thin layers in other places. At the quarry 
of Esquire Willey, about two miles west of the Burrass quarry, 
flagging stone similar to those just mentioned may be obtained in 
great quantity and of any desirable thickness from 1 inch up toGorS. 
Yet within less than a mile of this particular place, and on the same 
hill, at the Townsend quarry, the sandstone thickens in layers so 
that blocks 10 to 20 inches thick or even more can readily be ob- 
tained, while the thinner layers are entirely absent. Such varia- 
tions of condition characterize the Columbus sandstones, so that in 
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still other instances the thin llag^in^ stones may be obtained at one 
point, and a few miles away the heavy building stones. 

But the most remarkable flafr|j:ing stones in the state, i)erhap8, 
are those in the Pleasanton shales above the Pawnee limestone in 
the vieinity of Farlington, Redfield, (Hmilan, west of Fort Seott, 
and still farther west alonjr the Neosho river. Tlere flags of unsur- 
passed quality and quantity can be (fuarried. 

The Thayer shales carry sandstones at various places, but prin- 
cipally near their summit. In general they are in heavy layers, so 
thjit they are serviceable for building purposes. This is well illus- 
trated in the vicinity of Thayer and Neodesha. Lower down in the 
shale beds are vast quantities of sandstone in the vicinity of Inde- 
pend(»nce. The greatest objtu-tion to the sandston*»s in tin* Thayer 
shales is that they are sotnewhat deficient in cementing material 
and thereby lack the firmness of firstclass building stone. 

In the Lane shales we have another in st a net* of great sandstone 
deposits having be(Mi produced. These are most marked in the 
vicinity of Burlington and to the southwest. But here the topo- 
graphic features show conclusively tUat there was no persistency 
of sandstone deposits ov(t any considerable area. A sandstone hill 
here, a valley there, and a hill again b(\vond can only be accounted 
for, in the abstMice of other evidence, on the assumption that the 
valleys mark locations where the sandstones had graded into arena- 
ceous shales, or in some way had assumed properties which made 
them yield more readily to erosion. 

Above the Ciarnett limestime we have another great shale bed, 
the Lawrence shales, with many included sandstones. These to a 
much greater extent tlian any studied below them hav(» ripple 
marks and rain-drop marks occurring with \von<l(M*ful fr(»<piency. 
No sandstone bed has ever been examint^d bv the writer which con- 
tained mon* conclusivt* evidence of having Ikmmi produced in shallow 
water than these. Not a single instance is known in which a sand- 
stone has any commercial value, for they are friable, argillaceous, 
unevenly bedded, exceedingly variabh* in texture, and have many 
other i>roperties which deprive them from possessing value as build- 
ing stone. 

Passing upwards fr<mi here in the vicinity of the Osage City coals 



170 University of Kansas Geological Survey, 

we have another great shale bed with many sandstones and calce- 
rous shales interspersed, all of which bear evidence of being pro- 
duced in shallow water. The Wabaunsee formation has but little 
sandstone and that which it does possess is noted for the thinness 
of the layers, the weakness of the cement, and the unreliability of its 
continuation in lateral directions. In fact it can rarely be called 
more than arenaceous shales. This is true to a still greater degree 
with the Permian, which has essentially no sandstone whatever. 

CHARACTERISTICS OF THE COAL MEASURE SHALES. 

The Kansas Coal Measure shales do not differ essentially from 
Coal Measure shales in other parts of America. In places they are 
exceedingly bituminous with the black color resulting therefrom, 
while perhaps vertically no more than 20 feet away they will 
have a light ashy color, as though almost no carbonaceous material 
was contained within them. The numerous beds of coal which thev 



carry that are of workable extent show how exceedingly rich they are 
in carbon. To these should be added no less than a dozen or twentv 
smaller veins of much less extent laterally which attract but little 
attention. Perhaps more than half of the Cherokee shales are light 
colored, and consequently the soils produced therefrom, which cover 
so large a portion of Cherokee and Crawford counties, are likewise 
light in color. Such soils are generally exceedingly fine grained 
because the shales from which they are produced are also fine in 
texture. 

The readiness with which the shales and sandstones grade back 
and forth into each other has already been mentioned. It is diffi- 
cult to estimate what fractional part of the volume is sandstone, but 
perhaps not less than a fifth. 

Near the summit of the Cherokee shales a few feet below the Fort 
Scott coal we find an unusually hard and black shale filled with small 
•concretions in the interior of which usually one finds a little shell. 
These are so nearly identical with the bed of shales lying between 
the two Oswego limestone systems that they cannot be distin- 
guished. They are wonderfully persistent in their black color and 
concretionary inclusions throughout the whole distance from Os- 
wego to Fort Scott and probably very much farther. Also in this 
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same shale bed we find the oddly shaped calcareous concretions 
described and illustrated by Mr. Bennett in chapter IV, a peculiarity 
which is almost entirely unknown everywhere else in the Kansas 
Coal Measures. 

In many places throughout the Cherokee shales strata are found 
which have the proper chemical and physical qualities for the manu- 
facture of vitrified brick. This is well illustrated at Pittsburg, 
where brick are manufactured to so great an extent. The particular 
clay shales used at this point are no more favorable for the produc- 
tion of vitrified brick than other shales which could be found in a 
hundred different places. 

The shale beds lying between the Oswego limestone and the Paw- 
nee limestone have few characteristic features. In some places 
they are exceedingly bituminous, while in others, removed only a 
short vertical distance, they assume a light ashy color. Near their 
summit in the vicinity of Prescott they are well filled witli small con- 
cretions'having small brachiopod shells for nuclei, which make them 
strongly resemble members of the Cherokee shales. 

The Pleasanton shales are most noted, perhaps, for the flagging 
stone which they contain. The easy gradation from sandstone to 
shales and from shales to sandstone is h(»re carried to a great extent. 
The color of the Pleasanton shales is variable. Some of them are 
coal black with a large perc(»ntage of contained carbonaceous matter, 
while others are light in color. Ciood sections of these shales can be 
had at the blufl*s at Boicourt and along the bluffs north of La Cygne, 
as well as at Mound City and many other places. 

There is nothing s[K?cially characteristic in any of the shales 
observed upwards from here to the Lawrence shales. Here the 
excessive amount of arenaceous and shaly sandstones has already 
been mentioned with their ever-prseeut ripple marks and rain-drop 
marks and other characteristics shoAving that they were formed in 
shallow water. Near the top of the Lawrence shales are two beds of 
clay shales, which are prominent in the hills in the vicinity of Law- 
rence. The principal one, about :\ feet thick, is light lead gray in color, 
and is found about G feet below the bottom of the Oread limestone. 
It seems to be void of stratification within itself, but in places is 
filled with fissures cutting diagonally across it. It is wonderfully 
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THE COTTONWOOD FALLS LIMESTONE.* 

In our ascent from the base of the Carboniferous we finally reach 
the Cottonwood Falls limestone, a system which extends entirely 
across the state from north to south, and which is most remarkable 
on account of its <2jreat lateral extent and uniformity of character- 
istics, particularly so when we consider that nowhere throughout 
the whole area studied does it vary to less than 5 feet nor more than 
10 feet in thickness. It is also remarkable on account of its associ- 
ation with an overlying shale bed Avhich is so filled with invertebrate 
fossils of characteristic types that it can easily be recognized 
wherever found. The Cottonwood Falls limestone is further re- 
markable for its uniformity of both texture and color, and freedom 
from lateral and vertical seams. These make it an exceedingly 
desirable stone for building purposes, especially where large pieces 
are wanted. Quarries are operated in it in many localities, such as 
Manhattan, Alma, Eskridge, Americus, Cottonwood Falls Clein- 
(Mits, and other places to the south. The limit in size for rocks 
obtained is only determined by the demand and the mechanical 
appliances for operating the quarries. The topographic features 
vary so greatly that the limestone is irregularly exposed to the sur- 
face over a belt twenty miles or more in width, reaching across the 
state from Manhattan southward. Thus its eastern outcropping, 
as given in chapter V, is at Eskridge, while the broad valley of Mill 
creek cuts downward to it twenty miles to the west. It approach(»s 
to within a few miles of Emporia and is again found at Clements, 
thirty miles to the west, with many quarries at intervening points. 

■ 

THE COTTONWOOD SHALES.f 

Immediatelv above the Cottonwood Falls limestone is a bed of 
light colored shales which will average about 14 feet in thickness. 
They seem to be co-extensive with the limestone and are character- 
ized by the unusually great abundance of invertebrate fossils which 
they contain. In this way they at once become a most important 
stratigi*aphic formation, for their fossils permit their ready recog- 

♦This uaine is a common commercial k'rm. Ilaworth and Kirk iis<m1 it. Kansas Univ. 
Qiiar., January, isiM: l'n>ssL»r uses tlio .-jam(» "Cottonwood" for the yamo, Bui. Geol. Soc. Am., 
vol. 6, p. Hh and in Journal of (joolojir.v, a-oI. 'A, p. iVJl, «■> srif. 

t Prosser: Bui. (Jeol. Soc. Am., vol. G, p. 40. 
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nition wherovor observed. Together with the limestone they const! 
tute the Cottonwood formation of Prosser. 

CHARACTERISTICS OF THE COAL MEASURE LIMESTONES. 

The Oswego limestones have been mentioned in different places 
as exc€*edingly compact and semi-crystalline throughout, and as 
particularly noted for their characteristic fauna. The low^er one of 
the two in many places is one solid mass throughout, having no 
division into layers as limeston(»s often have; further, it is charac- 
terized by slight impuriti(*s which render it valuable for the manu- 
facture of hvdraulic cement, the onlv limestone in the state thus far 
discovered possessing thes(* properties in so marked a degree. The 
upper one, on the contrary, is more nearly normal in the matter of 
division into lavers, but in manv i)laces is suiTicientlv crvstalline to 
take a fairly good polish. 

JThe Pawnee limestone as exposed in the vicinity of Fort Scott 
is massive in its nature and weathers into large blocks which are 
different from those of anv other svstem obs(M*ved in the state, and 
Strongly resemble similar blocks seen ahmg the blulfs capped by the 
lola limestone. Put a close examination of such boulders would 
determine at on(*e that they differ from the lola limestones in many 
respects. Poth north and south from P\)rt Scott this nuissive char- 
acter of the Pawnee linn^stone gradually disappears, so that it more 
doselv resembles other limeston(»s. 

The Erie limestones in the vicinitv of Union town are character- 
ized in two particulars. ()n(* is the gr(»at abundance of flint nodules 
which thev contain, partirularlv the middle svstem, as has alreadv 
been described by Mr. Pennett. No ])lace in the state is known to 
the writer, not even th(» Hint bedst)f the Permian in the vicinintv of 
Florence and Fort Riley, which carries a larger amount of flint 
nodules nor larger masses of flint than do these beds in places a few 
miles to the west of Portervale. The other characteristic referred 
to is the almost complete crystalline structure which the Erie lime- 
stones possess in places. There seems to be an association in 
some way between the degree of crystallization and the abundance 
of flint, so that near Uniontown the crystallization is highly de- 
veloped. 
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The lola limestone is remarkable in four ways: First, its great 
thickness; second, its great lateral extent; third, its unusual freedom 
from both lateral and vertical seams, and fourth, its high degree of 
crystallization. These points have all been referred to in pre- 
ceding chapters. The freedom from either vertical or lateral 
fissures is so great that in the quarries at lola immensely large 
blocks can be obtained which show no sign of fissures of any kind. 
This property is also recognizable along the outcroppings of the 
rock on the summits of the hills. The masses which break loose and 
begin working their way downward are remarkable for their great 
size. In manv places such masses measure from twentv to fiftv feet 
across, and doubtless in extreme cases, such as at Table Mound, 
they are even greater. In degree of crystallization almost through- 
out the whole of its extent within the state at least two-thirds of the 
mass of calcium carbonate exists in the crystalline state. This per- 
mits one to recognize it in many instances. In a few places only, 
such as around Fontana, does this crystalline structure decrease to 
normal conditions. 

The Garnett limestones have characteristics which are of no 
special importance, excepting in the vicinity of Lane, where the 
Lane quarries occur. Here they assume a crystalline structure and 
a degree of compactness which render them unusually valuable for 
building material. Even more, they are susceptible of taking a 
high polish, so that they are serviceable for pedestals of tombstones, 
monuments, and other ornamental work. This property has given 
to them the title of '*marble.'^ 

The upper one of the Oread limestones is noted for the large 
amount of flint which it carries, in some places almost equalling the 
ordinary proportion of flint in tlwe famous Flint Hills limestone. It 
is also characterized as remarkably compact, as already pointed out, 
and is exceedingly rich in faunal CQutents. 

In passing westward, shortly after leaving the horizon of Topeka, 
a marked change begins to be perceptible in both the limestones and 
the shales. The limestones begin assuming that peculiar buff color 
which is so characteristic of the Permian rock, a color which must 
be observed to be understood. In some of them this fades almost 
to a white, especially upon weathering. This is particularly true 
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of the Cottonwood Falls limestone, a roek which, as shown on the 
hillsides in the boulders broken from the ledges, seems to have an 
almost pure white color. JThe shales also begin parting with their 
dark carbonaceous or bituminous appearance and gradually grade 
into the lighter yellow or bulf characteristic of the Permian shales. 
In this way the physical change is gradual, so that there is no sharp 
division line in the general characteristics of the Upper Coal 
Measures and of the Permian formations. 

The various limestones above Topeka need little description until 
we come to the heavv limestone about .*50 feet below the Cottonwood 
Falls rock, which is the dry-bone of Swallow. This one has a very 
characteristic appearance, so that it usually may be recognized 
quite readily. Being so heavy it has been an important factor in 
producing the physiographic conditions, therefore it is prominently 
exposed along the bluffs in many parts of the state. The term 
"dry-bone" was evidently applied by Swallow on account of the 
rough porous surface produced by weathering. In some way por- 
tions yield to the weathering agents much more rapidly than others 
and by dissolving out leave a coarse honeycombed texture for the 
whole mass. The color of the rock, also, is darker than those 
either above or below, so that it presents a prominent appearance 
on the hillsides. ^ 

The Cottonwood Falls rock has already been described so )vell 
that little need be addded here. It weathers white, more so than 
any other rock known in the sate. It is slightly porous throughout 
the whole mass, and it almost universally carries large quantities of 
Fusilina cylindriva, with but few other fossils. In places considerable 
quantities of flint are found, enough to seriously interfere with the 
dressing of the stone, but this is not generally the case. The most 
prominent feature, perhaps, of this rock is the unusual absence of 
vertical fissures within it. This is true to so great an extent that 
blocks of any dc^sirable size can be obtained. It is no exaggeration 
to say that masses hundreds of feet in extent could easily be taken 
out which would be entirely free from verti(!al fissures. The soft- 
ness of the rock, which permits it to be saw(Hl with ease, the color 
of the rock, which makes it desirable for whole structures or for 
trimmings in brick buildings, and the unusual freedom from fissures, 
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combine to make the Cottonwood Falls limestone the most valuable 
rock known in the state, while its unusually great gt^ographic extent 
brings it within the easy reach by rail of all parts of eastern Kansas 
and adjoining territory. 

CHARACTERISTICS OF THE COAL MEASURE SANDSTONES. 

The Carboniferous sandstones are exceedingly variable and un- 
certain; the ease and frequency with which they grade into the 
shales and back again into sandstones is noticeable on every hand. 
As has been stated, this property is so marked tluit for stratigraphic 
purposes they are practically useless. In only a few places can 
any particular sandstone fornmtion be traced in a northwest and 
southeast direction exceeding ten miles. The most noted of these 
exceptions is in the vicinity of Redfteld and Farlington where the 
great tlagging-stone beds occur over so wide an area. The con- 
ditions of these tlags show that they were formed in marginal areas 
not far from shore. 

The sandstones in the Cherokee shales in most cases are in thin 
layers producing good flagging stone. This is well represented in 
the southeast corner of township 33 south, range 24 east, in Cher- 
okee county, at the quarry operated by Mr. Riley Burrass. Here 
it would seem there is no limit to the flagging stones which may be 
obtained. Some of them are less than '2 inches thick, while others 
are from G to 10 inches. They can be obtained of any desirable 
dimensions, even to extreme lengths. Above this bed of flagging 
stone perhaps a hundred feet or more the Columbus sandstones are^ 
reached, the most striking characteristics of which are the thick 
layers in places and the thin layers in other places. At the quarry 
of Esquire Willey, about two miles west of the Burrass quarry, 
flagging stone similar to those just mentioned may be obtained in 
great quantity and of any desirable thickness from 1 inch up to (i or 8. 
Yet within less than a mile of this particular place, and on the same 
hill, at the Townsend quarry, the sandstone thickens in layers so 
that blocks 10 to 20 inches thick or even more can readily be ob- 
tained, while the thinner layers are entirely absent. Such varia- 
tions of condition characterize the Columbus sandstones, so that in 
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still other instances the thin tiagging stones may be obtained at one 
point, and a few miles away the heavy building stones. 

But the most remarkable flagging stones in the state, perhaps, 
are those in the Pleasanton shales above the Pawnee limestone in 
the vicinity of Farliugton, Redfield, Giltlllan, west of Fort Scott, 
and still farther west along the Neosho river. Here flags of unsur- 
passed quality and quantity can be quarried. 

The Thayer shales carry sandstones at various places, but prin- 
cipally near their summit. In general they are in heavy layers, so 
that they are serviceable for building purposes. This is well illus- 
trated in the vicinity of Thayer and Neodesha. Lower down in the 
shale beds are vast quantities of sandstone in the vicinity of Inde- 
pendence. The greatest objection to th(» sandstones in the Thayer 
shales is that they are somewhat deficient in cementing material 
and thereby lack the firmness of first-class building stone. 

In the Lane shales we have another instance of great sandstone 
deposits having been produc(?d. These are most marked in the 
vicinity of Burlington and to the southwest. But here the topo- 
graphic features show conclusively that there was no persistency 
of sandstone deposits over any considerable area. A sandstone hill 
here, a valley there, and a hill again b(\yond can only be accounted 
for, in the absi^nce of other evidence, on the assumption that the 
valleys mark locations where the sandstones had graded into arena- 
ceous shales, or in some way had assumed properties which made 
them vield more readilv to erosion. 

Above the Oai'uett limestcme we have another great shale bed, 
the Lawrence shales, with numy included sandstones. These to a 
much greater extent than any studiinl below them have ripple 
marks and rain-drop marks occuiring with wonderful fre(|uency. 
No sandstone bed has ever been examined by the writer which con- 
tained more conclusive evidence* of having been produced in shallow 
water than these. Not a single instance is known in which a sand- 
stone has any commercial value, for they are friable, argillaceous, 
nnevenly bedded, exceedingly variable in texture, and have many 
other prop(»rties which deprive them from possessing value as build- 
ing stone. 

Passing upwards from here in the vicinity of the Osage City coals 
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we have another great shale bed with many sandstones and calce- 
rous shales interspersed, all of which bear evidence of being pro- 
duced in shallow water. The Wabaunsee formation has but little 
sandstone and that which it does possess is noted for the thinness 
of the layers, the weakness of the cement, and the unreliability of its 
continuation in lateral directions. In fact it can rarely be <;alled 
more than arenaceous shales. This is true to a still greater degree 
with the Permian, which has essentially no sandstone whatever. 

CHARACTERISTICS OF THE COAL MEASURE SHALES. 

The Kansas Coal Measure shales do not differ essentially from 
Coal Measure shales in other parts of America. In places they are 
exceedingly bituminous with the black color resulting therefrom, 
while perhaps vertically no more than 20 feet away they will 
have a light ashy color, as though almost no carbonaceous material 
was contained within them. The numerous beds of coal which thev 
carry that are of workable extent show how exceedingly rich they are 
in carbon. To these should be added no less than a dozen or twenty 
smaller veins of much less extent laterally which attract but little 
attention. Perhaps more than half of the Cherokee shales are light 
colored, and consequently the soils produced therefrom, which cover 
so hu'ge a portion of Cherokee and Crawford counties, are likewise 
light in color. Such soils are generally exceedingly fine grained 
because the shales from which they are produced are also fine in 
texture. 

The readiness with which the shales and sandstones grade back 
and forth into each other has already been mentioned. It is diffi- 
cult to estimate what fractional part of the volume is sandstone, but 
perhaps not less than a fifth. 

Near the summit of the Cherokee shales a few feet below the Fort 
Scott coal we find an unusually hard and black shale filled with small 
•concretions in the interior of which usually one finds a little shell. 
These are so nearly identical with the bed of shales lying between 
the two Oswego limestone systems that they cannot be distin- 
guished. They are wonderfully persistent in their black color and 
concretionary inclusions throughout the whole distance from Os- 
wego to Fort Scott and probably very much farther. Also in this 
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same shale bed we find the oddly shaped calcareous concretions 
described and illustrated by Mr. Bennett in chapter IV, a peculiarity 
which is almost entirely unknown everywhere else in the Kansas 

* 

Coal Measures. 

In many places throughout the Cherokee shales strata are found 
which haye the proper chemical and physical qualities for the manu- 
facture of yitrifted brick. This is well illustrated at Pittsburg, 
where brick are manufactured to so great an extent. The particular 
clay shales used at this point are no more favorable for the produc- 
tion of vitrified brick than other shales which could be found in a 
hundred different places. 

The shale beds lying between the Oswego limestone and the Paw- 
nee limestone have few characteristic features. In some places 
they are exceedingly bituminous, while in others, removed only a 
short vertical distance, they assume a light ashy color. Near their 
summit in the vicinity of Preseott tli(\v are well filled with small con- 
cretions'having small brachiojiod shells for nuclei, which make them 
strongly resemble members of the Cherokee shales. 

The Pleasantou shales are most noted, perhaps, for the flagging 
stone which they contain. The easy gradation from sandstone to 
shales and from shales to sandstone is h(4-e carried to a great extent. 
The color of the Pleasantou shales is variable. Some of them are 
coal black with a large percentage of contained carbonaceous matter, 
while others are light in color. (lood sections of these shales can be 
had at the blutfs at Boicourt and ahmg the blutf s north of La Cygne, 
as well as at Mound City and many other places. 

There is nothing specially characteristic in any of the shales 
observed upwards from here to the Lawrence shales. Here the 
excessive amount of arenaceous and shaly sandstones has already 
been mentioned with their ever-prseent ripple marks and rain-drop 
marks and other characteristics showing that they were formed in 
shallow water. Near the toj) of the Lawrence shales are two beds of 
clay shales, which are prominent in the hills in the vicinity of Law- 
rence. The principal one, about :j feet thick, is light lead gray in color, 
and is found about G feet b(»low the bottom of the Oread limestone. 
It seems to be void of stratification within itself, but in places is 
filled with fissures cutting diagonally across it. It is wonderfully 
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plastic, has enough iron -present to render it easily fusible, and 
possesses raanj of the characteristics of the best clay shales. Again, 
only a few feet below this is another bed of about equal thickness 
of red clay shales. These have other physical properties practically 
identical with the blue shales above mentioned. They are the most 
plastic shales known, and would doubtless make excellent vitrified 
brick. 

The shales lying between the two Oread limestones are light 
yellowish-green in color, and in places have many small concretions 
similar to those so noted in connection with the Oswego limestone, 
although, so far as observed, they do not contain fossil shells as 
nuclei. In the vicinity of Topeka the shale beds are used as a 
source of clay for the vitrified brick manufactured by the Ca[>ital 
City Brick Company, and are found to be satisfactory in every re- 
spect. Passing upward from this place no special features are 
observable throughout the greater part of the Wabaunsee formation, 
excepting the gradual change of color already alluded to. In the 
vicinity of Manhattan, just below the Cottonwood Falls limestone, 
a bed of red clay shales is relatively prominent, recalling in general 
appearance the red member of the Lawrence shales. Its exact 
thickness has not been determined, as no fresh excavations were 
found, and the red material in working its way down the hillside is 
so misleading that one is hardly safe in estimating the thickness of 
the stratum from such outcroppings. 

COAL MEASURE SHALES PRINCIPALLY SUB-MARINE IN ORIGIN. 

There is no fundamental reason why great shale beds may not 
have been formed under great fresh-water lakes, or fresh- water 
lagoons of varying depths. The shales in the Coal Measures of 
Kansas, howe^ver, probably were principally deposited under salt 
water. Two general reasons have led to this conclusion. The first 
is the great frequency throughout almost all of the shale beds* of 
traces of calcareous matter. Many little limestone layers are found 
which vary from 2 to 10 or 12 inches, and which rarely are suffi- 
ciently pure to be called limestone. Such formations generally 
have well preserved marine invertebrate shells within them, showing 
that they were formed under ocean water. Were all of such forma- 
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tions coimled within tlie Cherokee shales, they would probably 
reach 20 or *M), In other shales similar conditions obtain, so that the 
great mass of Coal Pleasure shales either were principally deposited 
under ocean water or the number of (nner^ences and submergences 
were manifold greater than the estimates given in the earlier pages 
of this chapter. 

The second reason for believing the < 'oal Measure^ shales w^re de- 
posited beneath ocean wa((*r is the great frecpiency of salt water 
within them. Not a single instance is known to the writer of water 
having been obtained at a de])th eipial to or greater than 2(K) feet 
within the shales which was not more or less salt v. With the recent 
extensive prosj)ecting for oil and gas many dozens of wells have been 
drilled, so that the test can be made (juite thoroughly over the area 
pros])ected. Farther to the west the conditions in this respect seem 
to be about the sauu*. Tlie dcM'p well at McFarland j)roduced abun- 
dance of salt wal(»r, wliile aiM-ording to Hav* those of St. Marv's and 
Wamego seem to have jnerc(»d :> or 4 feet of rock salt. The same 
author statc^sy that at La Cygiie 80 feet of rock salt was passed in 
a deep well. This matter was invt^stigated and the conclusi<m 
reached that therc^ was no satisfactorv evidence of the existence of 
rock salt anywhere within th(» slial(\'< jKissed by the well, but that the 
production of strong brim* here* was similiar to that in so many other 
wells. HowevtM-, the ]>res(»nce of rock salt would only add strength 
to the argument here deduced. It is dillicult to undc^rstand why the 
salt water would be so universallv obtainable ovcm- an area so manv 
hundred square luiles in extent. (*X(e|)ting by assuming that the 
shales were deposited under salt water and retained a portion of 
the sanu% the salt of whicli lias since been dissolved by percolating 
waters and is bi'ought to notic<* wlien tlie wells are drilled. As 
almost every shale IkhI in the Carboniferous has produced either 
rock salt or salt watcM*, the argument is apj)licable to all of them. 

INCLINATION OF THE COAL MEASURE STRATA. 

With a few local exceptions all the formations of the Coal Meas- 
ures dip westward. The Mississippian floor, as already shown in 
the early pages of this chapter, has its maximum westward dij) 
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along the south line of the state where the inclination reaches more 
than 20 feet to the mile. The overlying formations are essentially 
conformable to the upper surface of this floor. The examples of 
nonconformity between the Coal Measure formations and the Missis- 
sippian, which have been most carefully studied, are confined to the 
eastern border of the Coal Measures. This is true not only in Kan- 
sas buf in Missouri and Iowa as well. The existence of such non- 
conformities therefore may perhaps be looked upon as due to surface 
erosion of the Mississippian previous to the Coal Measure period. 
We cannot study such nonconformity farther west in detail, so we 
are left in doubt regarding the westward extent of such surface ero- 
sions. Possibly they reach all over the area where the Mississippian 
rocks are known to exist; possibly for only a short distance in that 
direction. But a study of the various sections accompanying this 
report shows conclusively that the Coal Measure formations in gen- 
eral have an inclination which in direction and magnitude corre- 
sponds very closely with the surface of the Mississippian formations. 
As we advance in the column generally we find the inclination 
slightly decreasing. The great thickening of all the formations to 
the southwest as already described would render the inclination of 
the upper strata less marked than that of the lower. When we come 
to the vicinity of Kansas City, however, we find there has been a gen- 
eral thickening among the upper formations towards the north. 
Tliis is pnmiinently noticeable in the Lawrence shales, and by that 
means there has been to a certain extent an evening up of the orig- 
inal inclinations slightly altered by the above-mentioned thickening 
to the southwest lower down. The section along the Kansas river 
shows an average inclination of from 12 to 14 feet to the mile. The 
section along the Missouri river from Kansas City to the Nebraska 
line shows even a greater inclination in that direction. Yet it must 
not be understood that the general dip of the formations for the 
whole of eastern Kansas is the greatest in the northwest direction, 
for such certainly is not the case. It would seem there is a ridge 
or a dividing line trending from the southeast part of the state 
towards the northwest on the southwest side of which the maximum 
inclination is southwest and on the northeast side of which the 
maximum inclination is to the northwest. 
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Aside from the general dipping of the strata there are many local 
dips, anticlinals and synclinals, which may be of considerable im- 
portance in studying the stratigraphy at any special locality. Some 
of these have already been pointed out in the preceding chapters 
and illustrated in the different plates already referred to. One 
notable example of this is just north of Fort Scott where the Oswego 
limestones rise forming an anticlinal ridge of decidedly pronounced 
class. Northward from the Fort Scott cement works 'the roadbed 
of the Kansas City, Fort Scott & Memphis line follows the upper 
surface of the limestone rising in one of the heaviest grades along 
the line. Another anticlinal ridge lies south of Fort Scott on the 
high divide between Fort Scott and Girard. Here the anticlinal 
extends over several miles and is much less pronounced locally than 
the one just described. At a few places, however, the inclination 
is tolerably great. About a milt* south of Kiiglevale tlie Oswego 
limestones with the underlying Fort Scott coal dip to the north a 
hundred feet to the mile. Beyond the ridge to the northeast of 
Girard at one place on the upper part of Cow creek measurements 
were made where a similar formation dipped to the southwest at 
fully as liigli an angle. Mr. Hennetr has called attention to a similar 
anticlinal ridge north of Doniphan. The high divide between Doni- 
phan and Highland is so covered with glacial deposits that the lime- 
stones could not be traced throughout the whole distance. But on 
the south side of this divide the rocks dip to the south while on the 
north side they dip to the north, leaving little ground for doubt that 
the existence of this high ridge is partially due to this long gentle 
anticlinal. Similarly the rocks to the south of Cherryvale dip to the 
south and southwest more rapidly than the average dip for the same 
formations. It has not been determined whether beyond this to the 
north they have a northeast inclination or not, but probably they 
have, at least to some degree. The most prominent fold in the whole 
Carboniferous of the state is found on the Cottonwood river just 
west of Strong City. It affects the Cottonwood Falls limestone 
and the "dry-bone" limestone below very strongly. Passing west- 
ward from the stone quarries in the vicinity of Cottonwood Falls 
the limestone dips rapidly until it disappears below the surface 
about two miles up the river. For another span of nearly two miles 
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it is not visible on either side of the river, when suddenly it with the 
'^dry-bone" 30 feet below it and the included shales rise rapidly to 
the west and ascend to the hilltop just east of Elmdale Mills where 
they occupy a position higher than they attain on the hills six miles 
to the east. On the north side of the river along the bluffs two dis- 
tinct anticlinal ridges are noticeable. The inclination on the sides 
of this synclinal trough in places n^aches almost to 4 degrees, with 
probably an -average of from 2 to 2.5 for the whole of the western 
side. This is represented in plate III of the section along the Cot- 
tonwood river. 

These ilhislrations may be taken as examjiles of wliat one may 
expect all over the Coal Measure areas: low anticlinal ridges and 
synclinal troughs with sutiicient inclinations to be readily observ- 
able, yet of so low an order and so limited in extent that they do not 
materially affect tlie general westward inclination of formations. 

The most common direction of the anticlinal and svnclinal axes is 
from the northwest to the southeast, or approximately at right 
angles to the line of outcropping of the different formations. Con- 
siderable effort was made to determine the cause of these various 
irregularities. In some instances the conclusion was reached that 
the primary cause was due to the inequalities of the ocean bed on 
which the deposits were formed. In the production of ocean beds 
one can readily understand how a slight inequality in the distribu- 
tion of shale forming materials would leave an uneven surface for 
the limestones which succeeded it, and that correspondingly a lack 
of regularity in the production of calcareous matter would equally 
produce an irregularity of the limestone for the shale beds to rest 
upon. 

FAULTS IN THE COAL MEASURES. 

A few faults are known within the Coal Measures, but none of 
any consideiable extent. The Cherokee shales have numerous 
faults, with vertical displacements sometimes reaching 18 or 20 
inches, hh was mentioned in chapter II. The Lawrence shales like- 
wise have some such faults. One is positively known to exist in 
the vicinity of Sibley. Mr. Bowman, while following a 14-ineh seam 
of coal a few feet under the surface, was surprised to find that it sud- 
denly disappeared. By digging downwards about 3 feet, however, 
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he came upon the same coal bed which had been displaced to that 
extent. It is quite probable that detailed investigations throughout 
the Coal Measure area will detect many similar faults and possibly 
even greater ones, although the almost perfect harmony of stratifi- 
cation as shown along the lines of the different sections heretofore 
described, sections which cross each other in so many different 
places, and which ti*end in so many different directions, would seem 
to positively establish the absence of any very considerable faults 
throughout the whole Coal Measure area. 

Neither is there any considerable evidence of regional or dynamic 
metamorphism anywhere within the Coal Measures of the state. 
Only one locality has been found which at all approaches anything 
of this nature — the once famous '^silver minims'' in Woodson countv. 
Diligent search was made by all the observers in every locality for 
marks or traces of metamorphism of any kind, or any other indica- 
tions of disturbances of volcanic or eruptive nature, but nothing 
whatever was seen. 

RATIO OF COAL MEASURE LIMESTONES TO SHALES AND SAND- 
STONE. 

In the whole Coal Measures the limestones aggregate about 540 
feet, which gives a ratio of limestone to total thickness of 1 : 5. In 
the Lower Coal Measures there are onlv about 81 feet of limestone, 
or a ratio of 1 : 10; while in the Upper Coal Measures there are about 
460 feet of limestone, giving a ratio of 1 : 4.2. It will be noticed that 
the largest amount of limestone relatively is near the middle of the 
Coal Measure column. Beginning at the base of the Lawrence 
shales and going downward to the Pleasanton shales A-e have a little 
more than half the vertical distance occupied by limestone. (See 
plate XXn.) The great bed of Cherokee shales at the base of the 
Coal Measures and the relatively large amount of shales in the 
Wabaunsee formation seem to correspond tolerably well in amount, 
yet there is not a very strong similarity between the two classes of 
rock. 
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THICKNESS OF THE CQAL MEASURES. 

• 

The thickness of the Kansas Coal Measures cannot be much if any 
less than 2,G00 feet. In tlie jjjeueral section, plate XXII, it is repre- 
sented as amounting to a little over 2,750 feet, but in it the average 
thickness is given as it is known. As some of them, particularly the 
Thayer, the Lane and the Lawrence shales and the Independence and 
lola limestones, are known to have different thicknesses in different 
parts of the state, it is presumable that no one point could be found 
at which all of the various formations would have their average 
thickness. However, at Cherryvale the known thickness from the 
top of the hills is a little over 1,100 feet, while the general section 
gives it as 1)50 feet. Westward in the vicinity of Elk City, as Adams 
has shown in chapter I, the total thickness fr(mi the bottom of the 
Oswego limestone to the top of the lola is over a thousand feet, 
while in the general section it is given at 745 feet. A similar con- 
dition is shown frcmi tlie records of the Fall River well. The known 
thickness from the valley here is 1,405 feet, while in the general sec- 
tion only 1,300 feet are given. At Kansas City the known thickness 
from the hilltops is a thousand feet or more, and that given in the 
general section is but a little over 1,100. At Topeka, 110 miles 
from the southeastern limit of the Coal Measures, the known thick- 
ness below the hilltops is 1,750 feet, and the well did not reach the 
bottom. In the general section the thickness is given here as 2,050 
feet. The McFarland well, starti^ig froiii the valley, reached a 
depth of 2,00() feet, or a depth of fully 2,150 feet below the Cotton- 
wood Falls limestone. From the character of the record, as best 
one can judge by careful comparison of it with the known conditions 
farther to the southeast, one is led to conclude that it has only pene- 
trated the Cherokee shales about 200 feet. Should these shales be 
as thick here as they are at Topeka, it would make a thickness of 
2,050 at this one point from the <'ottonwood Falls rock to the base 
of the Coal Measures. There can be no reasonable doubt, therefore, 
that many different places can Ik* found in the state where a well 
would have to reach a depth of over 2,000 feet in order to pass en- 
tirely through the Upper and Lower Coal Measures. The estimate 
given in the general section is therefore not very far from correct, 



- w. ■ ' • 



Haworth.] Siratigraphijy etc, of the Carboniferous. 179 

while tho probabilities lin* in the Flint Hills area, judj^inj^ from the 
uniform thiekeninj^ of all th<» formations to the southwest, the total 
thickness of the Toal Measur(»s mav b(» ((msiderablv more than the 
numbers therein ji^iven. 

DIVISION OF KANSAS COAL MEASURES. 

So many cjilferent plans hav(» been followed by jj<H)lo^ists of the 
Mississippi vall(*y in dividinj^ tlu* t'oal Measures that one who is 
laboring? in a new tield has no positiv(* critericm by which to be 
jjuided. I5y some the Toal M(*asures have l)(»(»n divided into two 
divisions, the Lower and the rj)j)er; by others into three, the Lower, 
^Middle, and I'pper. Rarely have the same division lin(»s been made, 
or the same basis of <*lassiti<*ation bt»en used, so that we are left in 
doubt in almost all instances whv anv particular divisi(ui was made 
at any particular plac(». According; to the dilTerent state reports 
of our nearest neighbor to tlie east, Missouri, Kroadhead used a 
sandstone with no s]>ecial characteristics as the divisicm line b(»- 
tween the Lower and Middh* Coal Measur(»s, and a s(*cond sandsttme 
of equally unimportant characl(»ristics for the divisi<m line between 
the Middle and Ij^per. Why thes(» particular sandstones shouhl be 
chosen rather than otluM- formations \w does not say, m^ither are we 
informed why the whole Coal M(\asur(*s should be divided into three 
divisions rather than into two, or four, or anv other number. Wins- 
low, in his mow recent rejjort, doi^s not attempt to divide the Mis- 
souri Toal Measures at all, but he does not take grounds apiinst it, 
so the reader is h*ft in doubt to a c(»rtain dejijrec* rt^jjjardinj^ his views 
on the subject. r»yt Doctor Keyes, in volumes I and 11 of th(» Iowa 
reports, brinpfs up stnmjj^ objections to the older method of division, 
and suj^gests what seems to him a betttT l)asis of division, provided 
one is used at all. We shall have occasion to n^fer to this later in 
tliis chapter. 

It would seem reasonable to assume that in all matters of divi- 
sions and sul)divisi(ms of the Coal Measures \\w sam<* j^eneral 
methods should be adopted and the same principles followed that 
are used in determining the number and locatiims of the subdivi- 
sion lines of any other gn^at g(»ologi(! format i<m. The custom of 
geologists of all countries is practically the same in this. At least 
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one of two conditions is always required to make a division which 
in application is more than local. One of the conditions is that 
there must have been a break in the succession of formations — a 
time break, indicated by general nonconformity, such as is produced 
when a surface is lifted abpve ocean water and more or less eroded 
before later formations are subsequently placed upon them, or when 
considerable orographic movement has occurred, leaving the strata 
already formed in an inclined position, so that the new formations 
will not be conformable with them. 

The other condition accepted universally as a sufficient basis for 
making a division or subdivision in stratigraphy is a positive va- 
riation of any character in the flora or fauna of the formations 
concerned. There may be grounds for difference of opinion, or 
difference in custom regarding the degree of variation which should 
obtain, but all admit that if the change is sufficiently great a divi- 
sion of the formation should be made, either with or without non- 
conformity. 

As has already been shown in this chapter, the Coal Measures of 
Kansas are 2,750 feet thick, and cover an area of approximately 
20,000 square miles. It would seem desirable, therefore, for the 
sake of convenience, to subdivide them into two or more groups. 
But when a section of country has been studied in sufficient detail 
to trace the different great classes of formations across the whole 
area, and to determine their limits vertically, as has been done for 
the Kansas Coal Measures, through the assistance of the numerous 
deep wells which have recently been drilled in our state, it becomes 
possible to make many subdivisions to which local geographic names 
can be applied, thereby in great measure limiting the convenience 
which may be derived from other kinds of subdivisions. It is 
doubtful whether any real convenience will arise by making any 
divisions of our Coal Measures other than those already made and 
to which local geographic names have been assigned, for it is now 
possible to speak exactly with reference to any portion whatever of 
our Coal Measures anywhere in flie state by a proper use of the 
terms alreadv introduced. 

It is the concerted opinion of the different individuals who have 
been engaged in field-work ])reparatory to this report that the 
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KansuH Coal Measures should be divided into two divisions, which 
may be designated as the Lower and the Upper. Careful search 
failed to discover anv considerable nonconformitv anvwhere 
throughout the entin* distance between the Cherokee shales and 
the (-ottonwood Falls limestone, although, as has already been 
pointed out, slight nonconformities exist everywhere. The upper- 
most members of the Coal Pleasures are <|uite ditterent from those 
situated at the base, but the transitions of all physical properties 
seem to be gradual rather than abrupt. This gradual change is 
shared by the coal itself. The variations in lithologic characters 
are mere repetitions, from limestone* to shale and sandstone, and 
then back to linn^stone again. It is ai)parent to every member of 
the Survey that unless the change from shale to limestone or lim< - 
stone to shale would warrant a division, nothing in the line of 
physical ]>roperti(»s throughout the whoh* Coal Measures could be 
used as a basis. lUit wh(»n we turn to th(» side of palaeontology we 
are not so wholly d(*j)rived of variations. The* great familiarity 
Mr. Bennett has possessed for years with the* invertebrate fauna of 
the Coal Measures of Iowa, Missouri, Kansas and the Indian Terri- 
tory made it an easy matter for him to point out a horizon at whicli 
there was a considerable abruj)tness of faunal variation which 
seems to be sntlicient to warrant a division of the Coal Measures. 

Acc(U'ding to i)ala<*on(ologic evidence obtained by Mr. Henuett 
there is <iuite a decided faunal <hange at the top of the IMeasanton 
shales. One si>ecies, Chonctvs mesoloha, and probably more, which is 
very abundant and widesi)read below this line cannot be found above 
it anywhere in the state. Not only this, but other species first 
appear in the Erie limeston<\ making a decided change of species in 
the invertebrate fauna. This faunal change* is accompanied by as 
great physical changes as can be found at any line. It has the great 
bed of the IMeasanton shales below it and the Eri(» limestone grouj) 
above it, each of which has been traced entirely across the state 
from Kansas City to the south line. In addition to this, as has be(*n 
pointed out earlier in this <hapter, the same two formations reach, 
according to Bi'oadh<*ad, from Kansas V\\\ northwards to the bordt»r 
of Iowa, the lower member of the limestone series being known as 
the Bethany Falls limestont*. No. 7S of I>roadhead*s g<»neral section. 
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They also extend in undiminished thickness to the west under the 
surface as far as can be determined b\' the various deep wells, with 
no reason for doubting their uninterrupted extension for a hundred 
miles or more bevond. 

To sum the matter up in a few words, it is proposed to divide the 
Coal Measures of Kansas into two divisions, to be designated by the 
terms Lower Coal Measures and I'pper Coal Measures,* the division 
line to be placed at the top of the Tleasanton shales, which is at 
the bottom of the Erie limestone, the basis of division to be prin- 
cipally palaeontologic and deptaident upon the disappearance of the 
species of the brachiopod fossil, Chonetes niesoloba, and upon the first 
appearance of ditlerent species in the Erie limestone above, but also 
partially dei)endent upon the great physical change which marks 
the line between the two extensive and characteristic formations, 
the Pleasanton shales and the Erie limestone. 

This division does not correspond with either one used by Broad- 
head for the Missouri Coal Measures. His division between the 
Middle and Upper is a sandstone situated a little below the Bethany 
Falls limestone and therefore a little below the line here proposed. 
Whv Broadhead should have chosen sandstone to mark his division 
line cannot be understood, for, at least in Kansas, all the Coal Meas- 
ure sandstone is so limited in its extent that it can be used for no 
lines of demarkation whatever, excepting for the most local divi- 
sions. 

In his excellent report of the coal deposits of Iowa, Dr. Keyesf 
has adopted in a general way the principles first enunciated by 
Winslow.f They assume that throughout Coal Measure time there 
was a gradual but irregular subsidence of both the ocean bottom 
and land areas under the Coal Measure areas, and that the sub- 
sidence occurred principally near the shore lines, so that as fast as 
the sedimentation from the land area would bring the new formed 
strata to near the surface additional subsidence would occur. In 
this way a continuous series of marginal formations would be pro- 

• Doctor Keycs has laid aside the older terms " Lower" and *' Upper," and substituted the 
geofsrraphic terms "Dos Moines" and " Missouri y for what seems to bo practically the same 
general division. As local terms they are admissible, of course, but for general terms priority 
would hardly admit their use until it has been shown that the older terms were in some way 
disqualified. 

t Iowa Geol. Surv., vol. 2, 1H94. 

X Missouri Geol. Rep. C\>al, 1891. pp. 21-:K: also Bui. G. S. A., vol. :{, pp. 109-r21. 
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rtuft'd, the older of wiiUIi wmild lie fiirtlier oceanward than tbe 
yoiiiifjei'. KeycN has t;t>ne fiii-ther than WiuHlow, aiid ha« nnnfteated 
that the natural division of the f'oal Measiiren wonld he a line run- 
ning diagonally to the Htratiticaiion, plaein^ alt of the marginal 
areas in one group and the deep-npa areas in another, as represented 
by figures !) and 10 on ]>age Itiii of his report, whieh are here repro- 
duced, iigures 7 and s. 

Figure 7. 
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uudouhled evidence tliat the hind area for Kansas in Coal Measure 
time was the Mississippian lo the southeast, while the later mar- 
ginal area« are now found luucli farlher to the w<'st. as in illustrated 
by the Osage f'ity shale beds and coal, which are from 100 to 120 
miles west of the prenent weslein exposure of the Mississippian 
formati(m and almost as gieat a distance oceanward from the 
earliest marginal areas. Hccond, the universal westward thicken- 
ing and eastward Ihinning of all the formations, as argued b.v 
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Wiuslow, and pointed out in this chapter, is of such a nature that 
we cannot admit the earlier existence of the Coal Measure forma- 
tions ver}' much farther to the southeast than their present limits, 
so that we cannot account for the marginal formations in the 
various places where the}' are known to exist in such widely scat- 
tered localities without assuming that there was a relative elevation 
of the coastal areas rather than a continual subsidence, as Keyes 
assumes. The Cherokee shales are marginal in their character, so 
are the Plea san ton shales, the Thayer shales, the Lawrence shales, 
and the Osage City shales, each in turn being located continually 
farther oceanward and upward from the position occupied by the 
coast at the beginning of Coal Measure time. There is a strong 
parallelism between this and the relative positions of the outcrop- 
pings of the great geologic formations of America which are univer 
sally explained on the assumption of a gradually rising continent 
or a gradually subsiding ocean bottom. Third, one cannot make a 
careful study of the accompanying plates which represent sections 
run in so many different directions across the Coal Measures, and 
which for the representation of underground stratification are en- 
tirely dependent upon accurate records of so many deep wells, with- 
out admitting that each of the great formations, both shale and 
limestone, are continued uninterruptedly far to the west. Fourth, 
any division plane of the Coal Measures which would pass diago- 
nally to the stratification of the formations would be unnatural and 
would correspond in principle to passing a plane diagonally to the 
stratification lines which separate the Silurian from the Devonian, 
or the Devonian from the Mississippian. All of these latter givat 
formations have portions within them which were marginal in origin 
and others which were formed under deeper ocean. But no one 
would entertain the thought of basing the greater classifications 
on such properties as these. The different formations in the Kansas 
Coal Measures lie as regularly one above the other as do the different 
formations in any great geologic group in America. The fauna of 
the successive limestone systems show a gradual transition in the 
forms of animal life from the ancient towards the more modern, 
which strongly indicate that ail of any one limestone system is 
older than those above it and younger than those below it A divi- 
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sion i>laiie which would cut these diaj::()nally would therefore be at 
variance with the accepted rules of time classiftcation. 

For all these reasons, and others which might be added, it seems 
that it is both unnatural and undesirable to divide the Coal Meas- 
ures of Kansas otherwise than bv a method at least similar to the 
one herein adopted. 

C.-THE PERMIAN.* 

In the division of the Upper Carboniferous of the state consid- 
erable diversity has obtained in the usage of different geologists. 
Swallow j)laces the base of the lower Permian at his number 84, the 
"dry-bone" limestone, already described in the Coal Measures. 
Meek and Haydenf are inclined to place the base of the Permian 
much liij»:hcr than Swallow has dime; while some geologists, nota- 
bly Newb(Try,t are inclined to discredit the existence of the true 
Permian in America. It has also been suggested by some that a 
portion of the beds, the faunal contents of which are partially Coal 
Measure and partially Permian in character, be designated as 
Permo-Carboniferous, le«aving only a relatively small portion of the 
Upper Carboniferous to be called the true Permian. Prosser§ has 
recently given an excellent and exhaustive discussion of the subject 
based ui)on two summers of Held work in Kansas. It is probable 
his conclusions are more reliable than those of any other writer on 
the American Permian, for he has devoted much more time to the 
field work than others have been able to do, and therefore he will be 
followed in this short discussion. 

Ac<*ording to Prosser, the Upper Carboniferous of Kansas may be 
divided into two great groups, the Upper Coal Measures and the 
Permian, leaving out entirely the l^ermo-Carboniferous. He places 
the base of the Permian at the top of the Cottonwood formation, 
that is, at the top of the 14-foot shale bed immediately overlying the 
Cottonwood Falls limestone. The areal limitations therefore be- 
tween the UppcT Coal Measures and the Permian may be looked 
upon as corresponding with the eastern extension of the Cottonwood 

♦SwaUow: Prel. Rop. Gool. Surv. of Kus., p. ItJ; Lawn?ncc, LS6«). 

\ Meek and Haydon: Proc. Acad. Sci. Phila., vt»l. 11, pp. 8-:*); Philadelphia, INW. 

t Newberry: The Work of the International Conjf. Cfeol., lhS6, p. 1*9; also. Am. Jour. Sc. (3), 
yol. 30, p. 409; Now Haven, INC). 

8ProK*er: Clat^ification of the Principal Paleozoic R(»ck8, Jour, of (Jeol., vol. 3, pp. ft82- 
706, and 764-^). 
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Falls Umeatone uqcI is iv pie wilted in this wa.v upou the geological 
,111)1]) iu-coiiipanyinti tins Keixirr. W'itliiu tlie I'ermiaii Pi-osser 
makes the following divisions: First in the ascending order, the 
Xeosho formation, reaching from the dottonwood formation to the 
first general Hint beds so well represented near Strong City and 
Fort Riley, the ^V^eford limestone of Hay in the Fort Riley section, 
fisiiie fi of this Report, and the fifth clierty limestone of Swallow, 
number fi2, or the limestone No. 18 of Meek and Hayden. The total 
thickness of the Neosho formation is given as 130 feet. Next above 
this he places the Chase formation, passing from the bottom of the 
Hint beds just mentioned to the Marion concretionary limestone, 
a distance of 2«5 feet, and above this 400 feet to the top of the Car- 
boniferous, which he calls the Marion formation, making an aggre- 
gate of 7!)5 feet of Permian for Kansas. 
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H'e will now coimider the more stvoiiRly clinmcteiistic liiiiL'stoncs 
of the Perniiao formation. The Neosho formation has it in but lit- 
tle of special interest excepting the heavy shale beds which are cut 
here and there by thin but persistent limestones. The one at the 
base of the formation weathers rough, recalling the properties so 
characterlBtlc of the "dry-bone" limestone. 

THE LOWER FLINT BEDS. 

First above the Neosho formation is an unusually heavy bed of 
limestone which is particularly characterized by the large amount 
of flint or chert that it carries. It might be stated in passing, how- 
ever, that many of the limestones below this horizon are rich in 
Hint; luit the one now under consideration surpasses any and all of 
those below it in this respect Along the Cottonwood river nearly 
one-third of its entire volume is flint ; southward in the Flint Hills it 
carries an equally large proportion, and northward along the Kan- 
sas river perhaps as mnch as a fourth of the entire mass is flint. 
The limestone is heavily bedded and is so filled with fractures that 
it has no value for building purposes. At Strong City and other 
places it has been extensively crushed for railroad ballast, the frac- 
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ture seams in both the flint and limestone greatly facilitating the 
crushing. 

The Lower Flint beds first appear along the Kansas river between 
Manhattan and Ogden, along the Cottonwood near Strong City and 
on the western slope of the Flint Hills farther to the south. They 
cover a zone of country extending from north to south entirely 
across the state. In thickness they are variable. Hay gives them 
in his Fort Riley section as 25 feet; Swallow gives them as 12 feet; 
and Meek and Hayden give them as 40 feet. On the Cottonwood 
river at the quarries near Strong City, at the top of the hill, they 
Tueasure 2(5 feet, and probably had b(»en considerably eroded. South- 
ward in the Flint Hills district they have greatly increased in thick- 
ness. It is quite difficlilt to correlate these beds with those given 
in Gould's section of the Flint Hills, but approximately they corre- 
spond to the two heavy limestone beds of Gould which are 34 and 
47 feet thick, respectively, showing the wonderful thickening in 
that direction. 

THE UPPER FLINT BEDS OF HAY. OR FLORENCE FLINT OF PROSSER. 

Asi-ending from \\w Lower Flint beds through about ♦>.") f(M^t of 
alternating shales and thin limestones, along the Kansas river, and 
112 feet along the Cottonwood, a<*cording to Prosser, and fully as far 
in the Flint Hills area, we find another heavv limestone formation 
carrying excessive amounts of flint. Along the Kansas river, ac- 
cording to Hay's Fort Kiley section, but one limestone occurs in this 
interval; according to Swallow two or more are present ; while Meek 
and Hayden give but one. Along the Cottonwood river two or 
more thin limestone beds are observed, and in the Flint Hills district 
five or six appear. 

Th<*se rpper Flint be<ls are about 40 feet thick along tlu* Kansas 
river, and increase* sonthwaid to fully 7.") feet in the Flint Hills area. 
They occur east of Fort Uiley, from which point they are very 
prominent southward, passing by way of Florence where they have 
been extensively quarried for ballast, and constitute the rocks on 
top of the hills along tlu* cast(*rn crest of the Flint Hills. They are 
fully as prominent throughout the zone crossing the entire state 
from north to south as the lower flint beds are, as already described. 
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THE FORT RILfcY, OR FLORENCE LIMESTONE. 

Along the Kansas river, immediately above the Upper Flint beds, 
we find a 15-foot bed of shale, according to Hay, but one of ^nly 
5 or 6 feet thick according to Swallow, and Meek and Hayden. 
, Along the Cottonwood river the shale bed is not to exceed 15 feet, 
and proBably less. Southward in the Flint Hills it is possibly not 
quite so thick. This shale bed is of relatively little importance. 
Above it lies a prominent limestone from 6 to 10 feet thick which 
Hay calls the main Fort Riley ledge. It extends southward to the 
Flint Hills area, is prominent in the stone quarries at Florence and 
at intermediate points. It can be plainly seen along the line of 
bluffs in the vicinity of Fort Riley and many other parts of the 
state. Above it for a distance of 80 or 40 feet we have principally 
limestones with thin shale partings irregular in thickness, so that 
the whole mass taken together forms one extensive limestone de- 
posit. In places these beds carry considerable flint, but not nearly 
to so great a degree as do limestones of the Lower and Upper Flint 
beds already described. Above this mass of limestone and shale 
we have 50 or 60 feet of shale, then another 4-foot limestone, which 
carries so much flint that Prosser has named it the Marion Flint. 

Aside from the palaeontologic importance of the beds above the;;e 
there is nothing about them which specially attracts attention. 
In the upper portions the limestones are so few and the formations 
so thin that one is reminded strongly of the uppermost parts of the 
Coal Measures. Here and there gypsum is found occupying a place 
within the shale beds, in some instances to a very considerable ex- 
tent. The uppermost portions of the Permian in the central part of 
the state grade into a mass of red clay shales of somewhat doubt 
ful significance. Cragin* has described them under the new name 
of "Mentor beds." Along the southern part of the state (Aer a con- 
siderable area, reaching from-nc^ar the Arkansas river westward to 
Meade county, the so-calltMi **red beds'' cover the surface. It has 
generally been supposed they pass under the Tertiary and Dakota 
formations to the west and north. Recently Kirkf has found that 
the well records obtained from various borings throughout the salt- 

* Cra^rio : Am. Geol., vol. — , p. — ; Minneapolis, Soptoraber, 1895. 

t Kirk : Unpublished manuscript, now in preparation, on the Salt BedH of Kansli;*. 
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producing area extendinfic from the south line of the state to as far 
north as Kanopolis, show that th(» "K(h1 h<*ds" reaeli northward in 
what seems to be unbroken extent throughout this whole distance. 
Dr. Sharpe also found during the summer of 1895 from as far south 
as the middle of Marion county to Ix^yond the Smoky Hill river a bed 
of e.lay shales, ]>rindpally red in (M)lor, occupying a position between 
the ujjpermost IV^rmian limestone and the massive brown Dakota 
sandstone. Th(»re is a possibility, therefore, rhat the **Ked b(»ds" so 
extensively d(*veh)])ed along the soutluM-n i)art of the state pass 
northward under the Dakota sandston(»s to beyond the Smoky Hill 
river and constitute* the beds described as *'mentor beds" by Cragin. 
Investigations which an* now being made by Kirk, it is hoped, will 
determine the matter. 

The exact correlaticm of tln*se *'red bcMls'' is sennc^what a question 
of doubt. Tli(»v have been called Permian bv some, and Jura-Trias 
by others. This (piestion will have to be settled ultimately by palae- 
ontologic evidence, and as this Rc^jiort is purely stratigi'aphic, mak- 
ing no j)rt»t(»nsion to pahMM)ntoh)gi<* discussions, no attempt will be 
made to decide such it mooted (piestion. 

It is also int(*resting to know that the salt beds so extensively 
dev(»loped in Kansas belong to the upper portion of the Permian. 
The recent 4nvestigati<ms of Kirk hav<* shown this so plainly that 
it seems there can b<* no doubt in the ease. Well records have been 
obtained from many ditt*(»rent parts of the salt region which, when 
drawn to s<'al(» and compared, show very conclusively that the salt 
beds lie above the heavv limestone beds, and below a bed of blue 
shale which in turn is beh»w the "Kc^d b(*ds." As the blue shales so 
well develop(»d in Summer county and adja<ent territory underlie 
the *'Hed beds,'' and as tin* latter are admitted to be tin* first above 
the Permian, it follows that the blue shales are Permian. But as 
the salt beds are b(»low the blue shales, which approximate 800 feet 
in thickness, they are well within the Permian. 

RATIO OF THE PERMIAN LIMESTONES TO SHALES. 

It seems that the [)roportion of limestcmes in the Permian is 
smaller in the northern part of the state and gradually grows 
larger until the Flint Hills area is reached, where more than half of 
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the distance occupied by Gould's section is limestone. The general 
section given by Prosser is about 280 feet limestone and 515 feet of 
shale, or about one-third of the whole thickness is composed of 
limestone. 

INCLINATION OF THE STRATA IN THE PERMIAN. 

Throughout the whole of the Permian formations the general 
inclination of the strata is to the west. On account of the excessive 
thickening in the Flint Hills area the maximum dip doubtless is to 
the northwest. This has been remarked by almost every geologist 
who has visited the country. In some instances over miles of ex- 
tent the inclination reaches from 14 to 10 feet to the mile, but prob- 
ably the average for the whole formations in the state is but little 
more than 10 to 12 feet. It is not known how far westward the in- 
clination continues in this direction. The "Red beds" which imme- 
diately overlie the Permian are known to dip to the west as far as 
Great Bend, while the Cretaceous and Tertiary formations in the 
western part of the state are inclined to the ea^t and northeast; but 
just where the division line is located between these two directions 
of inclination has not yet been determined. 

FAULTS IN THE PERMIAN. 

Faults are almost unknown in this formation, yet in the Permian 
rocks about a mile east of Chapman along the Smoky Hill river it 
seems that a double fault has been produced. Two limestone beds, 
the upper one 8 feet thick, the lower one 2 and separated by 6 feet 
of shale, have been broken and depressed, producing a wedge shaped 
fault, the vertical displacement being about 3 or 4 feet. This has 
been described by Adams in the latter part of chapter VI. 

GENERAL RESUME. 

In summing up the general conditions for the whole Carbon- 
iferous of the state above the Mississippian we find that the beds will 
aggregate about 3,545 feet in thickness, which may be divided as 

follows: 

Lower Coal Measures 800 ft. 

Upper Coal Measures 1,950 ft. 

Permian 795 ft. 
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Of this we havo a j^rand total of about 820 f(H*t of limestone and 
2,725 feet of sliales and sandstone, or a ratio of limestone to the 
whole thickness of 1:4.:{. Tt should be clearly understood that per- 
haps no one point could be found under which the actual thickness 
of the whole Carbonif(*rous would be quite as jj:reat as the figures 
above given. Hut, on the other hand, then* can be no question but 
that this estimate is decidedly below the aggregate obtained by 
using the maximuui thickness for the various formations as th(\v 
(H-cur in the stat(». Correspondingly by counting j)orti(ms of the for- 
mations at one pla<e and other portions at anotlu^r we could make 
their thickness either grt^ater or smalh^r thau the figures above* 
given. It may well be* assumed, however, that on the highest hill- 
tops a drill would have to j)enetrate about :^,500 feet to i)ass out of 
the Coal Measures. 

CORRELATIONS WITH THE WORK OF OTHER GEOIX)GISTS. 

So far as the writer lias learned. Swallow is the only geologist 
who has (»ver undertaken the construction of a complete section 
of the Kansas Carboniferous, and his work was of an elementary 
character.* Meek and Haydenf constructed a geological section 
along the Smoky Hill river from the Cretaceous down to the upper 
portions of the Cpper Coal Measures, but did not at all attempt a 
complete geological column of the whole area. Since that date 
Mudge, St. John, Hroadhead, Hay and others have added greatly to 
our knowledge of Kansas gc^ology by j)ublishing pap(»rs from time io 
time on the ditTerent phases of the geology of th(» state, the most of 
which have already been referred to in the (»arlier chapters of this 
Report. 

The geological section ccmstructed by Swallow was a great help 
in its day to the study of Kansas geology, but when a close compari- 
son is made between it and the conditions as they are actually ob- 
served it is found rhat in many instances his correlations are greatly 
in error. For example, his Cave limestone, number 15G, is given as 
occurring orf Sugar creek and at Topeka: his Sj)ring rock, number 

*SwaUow: Prol. Rep. Geol. Surv. of Kas. ; Lawrence, 1866. 

tGeol. Expl. in Kas. Ter., by F. B. Meek and F. V. Hayden: Pn»c. Acad. Nat. Sci., Phila- 
delphia, pp. 8-30, 1859. 
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1(>2, iH uiontioned as occurring? on the Marais des Cygnes, west of To- 
peka, and at Lecompton, and being below the coal, number 160, 
which occurs in Miami county; and still lower down, number 164, 
bituminous coal is given as occurring at the old Baptist ^lission 
west of Topeka, while the blue shales, number 166, are mentioned as 
occurring west of the Baptist Mission and at Lecompton. Now, 
the facts are that the highest formations in Miami county, and there- 
fore the coal, number 160, are several hundred feet below anything 
which may occur west of Topeka, while all of the materials about 
the old Baptist Mission and at other places west of Topeka are 
equally several hundred feet above Sugar creek and other localities 
mentioned, while Lecompton occupies an intermediate position not 
less than 200 feet from either of the other two localities, the one 
above it and the other below it. Again, his bituminous coal, number 
17G, occurring west of Lawrence, is placed about 120 feet below 
th(* Well rock, number 16J), yet quite probably his Well rock cor- 
responds to the (iarnett limestone, and if so, instead of being 120 feet 
above the thin seam of coal west of Lawrence it should be about as 
many feet below. Passing on down to his number 184, a limestone 
is mentioned as occurring at Lawrence, although by his own figures 
it is 425 feet below the Well rock, or Garnett limestone, which in 
turn is fully a hundred feet below the river valley at Lawrence, 
uxaking a vertical error of not less than 525 feet in this instance. 

These discrepancies are mentioned, not to discredit the work of 
Rwallow, for it was a great and good work and laid the foundations 
upon which nearly all of the subsequent geological investigations 
of the state have be(*n conducted. Tliev are mentioned merelv to 
show why it has been found impossible for the present Survey to fol- 
low his section very closely regarding names and geographical local- 
ities. 



CHAPTER X. 



PHTSIOGRAPHIG FEATURES OF THE CARBONIFEROUS. 

BY ERASMUS HAWORTH. 



Elementary Considerations. Absence of Composite Topography. 

The Kansas River. The Pottawatomie River. 

Tributaries of the Kansas River. The Neosho River. 

Absence of Composite Topography The Verdigris River, 

along the Kansas River. Areal Topography. 

Life History of the Kansas River. 'Yhe Flint Hills. 
The Osage River. 

The disciiHsion of the physiojiifraphie features of the Carboniferous 
area has been dehi yed until after the i^eneral stratipjraphy was given, 
contrary to the usual custom in geolojjfical reports, in order that the 
geology might be used to explain the physiogra])hy, which, for this 
area, seems more desirable than to use the physiography to explain 
the geologic structure. The workers in the field, however, early 
learned the relation between the two, and therefore constantly made 
use of whatever class of information they possessed for a given area 
to helj) them in tlu* investigation of the other. Physiography was 
often used in determining stratigraphy. Many an escarpment was 
viewed miles in the distance and the facts in its location used to de- 
termine points in stratigraphy. The greater the escarpment the 
heavier the shale beds were supposed to be, and in many other ways 
I)hysiography was used to advantage while in the field. Also, known 
facts in stratigraphy have been used in the study of the physiog- 
raphy; for, as the reader has already observed from the contents 
of the preceding chaj)ters, each person while in the field made a 
careful study of the physiograpliic features of the an^a passed over. 

(195) 
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ELEMENTARY CONSIDERATIONS. 

Before taking up the detailed description of the ])hysiographic 
conditions it may be well to give a hurried review of such general 
principles in land sculpture as may be immediately applicable. Let 
us first consider the method by which a river reaches its base level* 
when passing through slightly inclined alt^^rnating strata of rela- 
tively thick, soft material, such as shales, and thin, hard material, 
such as limestones, when the inclination of the surface is opposite^ 
in direction to the inclination of the strata. Figure 9 will assist in 
this discussion. Let the original surface b(» A, A^ with the strata 
dipping to the left and the river flowing to the right. The first effect 




Diagram showingr the erosion of rivers, longritudial section. 

of the comparatively rapid current will be to wear away the soft 
material more rapidly than the hard, producing greater or lesser 
cataracts and falls at the points m, m^, m^^, etc. But as the corrasive 
power of the stream will increase with the volume of water the 
work will be more rapid towards the mouth and will cut its channel 
through the distance A^, B^ while nearer the source it has only worn 
through the distance A, B. During the process the principal corra- 
sion produced by the water will have taken place on the softer 

materials and the harder rock will be worn away principally by frag- 

• 

* This term was first introduced by Powell in his Report of the Explorations of the Colorado 
Biyer, 1875, p. 203, and has since come into general use. 
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iiH*iits, large or small. deiH^ndeiit upon the freiiiieniy of seams within 
the rock, falling aftrr x\wy have been undermined. In the course of 
time th(» stream will have worn its channel to a depth, B\ beyond 
which it cannot go biM-ause it is now so nearly at sea level that the 
vel(M-iry has been so cluM-ked that further corrasion is impossible. 
Vertical corrasion will, therefore, cease at that point. Farther 
towards the source, however, the inclination is substantially the 
same as at the beginning, and the velocity will ho suflicient to greatly 
<*orrade the channel and to provide* tin* stream with large <iuanti- 
ties of detrital maUM-ial. In this wav the channel will be worn 
def*per to the left, until the condition of base h^vel will gradually 
hiivv rec(Hled, wc will say, to the point IV\ r»ase level will, tlu»re- 
fore, first b(» reached near the mouth of the stream but will gradually 
rec<Mh* u[» stream as corrasion is continued until finally, should no 
other chang<*s be introduc(*d, the base level will have b(K*n n^ached 
throughout tlu* whole length of the stream. Ft has lH»en shown by 
Taylor and others that the form of the corrasion curve H, H", H^, 
under ordinary conditions approaches a parabola. 

As soon as base level is rcach(»d at H' tin* velocitv will be checked 
to a suflicient extent to cause* the current to unload a porticm of the 
material it is canying, and a filling-uj) process will begin, so that 
by the time* base* level has recedeMl to H^^ tlu» tilling near the mouth 
of the sln*am will have* re'ae'he»d pe*rhaj»s te) ("^ Hut with the* e*re)si(m 
of the* gene*ral lanel are*a the cemtine*ntal peirtieuis will be worn de)wn 
until the sotire-e e)f the* stre*am will have a ele*e-re*ase*el altitude\ This 
e)f itself we)idel tenel to el«M-re*ase the vele)e*itv e)f the* strenim. Hv and 
bv when the e'e)ntine'ntal level has be*en re*due-ed fre»m U to <" and 
from (.' te) 1), the e-lu'cking e)f the e-urre*nt we)ulel have e-atised sulli- 
. e*ie»nt depositie)n ne*ar the* me»uth of the stre*am and ale)ng the* le)we*r 
[>art eif its e-emrse* te) have* lille*el the valle*y with loe)se material te) a 
lulght e)f n*, the* same* valle*y whie-h e*arlie*r in the life* histe)ry e)f the 
stream was pre)elue'e>el by e-oi rasie)n e)f the* e*urre*nt. The varie)us cata- 
rae-ts and falls, m, m^ m'', e*te'., will gradtially disappear as the^se e-e)n- 
elitie)ns are bre)Uglit abe)ut, partly by a ehange in the* me*theKl of 
ere>sie)n and [Kirtly by the tilling up e)f the* ge)rge's whie-h have be*e.*n 
we)rn t)Ut in the se)fter mate*rial just be*le)w the hareler. 

If we* e-e)nsiele*r the* ee)iielitie)n at any erne* lime* as the vele)city is 
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being checked it will be seen that the first material to be unloaded 
by the current would be gravels and the coarser sands. Later when 
base leveling had receded farther up stream a finer grade of sand 
would be deposited over the coarser gravel and this in turn by finer 
and finer material, until at the top of the filling the finest silt 
would be found. Therefor^ if the material which has been deposited 
by the river should be dug into at any point it would reveal a mass 
of coarse gravel at the base, no matter where along the length of 
the stream the examination was made. Many noted streams in 
different parts of the world are good examples of this condition. 
The amount of filling, the distance D^ B^ that will be produced 
along the lower parts of the stream will depend on many conditions. 
If the stream is a long one and its source greatly elevated, and should 
it pass over large areas of loose material, as the sands of the great 
plains, vast quantities of sediment will be borne downwards which 
can never reach the ocean on account of the checking of the velocity 
of the current, and which must, therefore, be dropped throughout 
the lower part of the valleys. But if the course is short and the 
source not greatly elevated and the materials over which the stream 
flows difficult to erode, the filling process below will not reach any 
considerable proportion. The Missouri river rising, in the great 
mountainous district thousands of feet above sea level and flowing 
over the loose sandy plains has a strong velocity and readily be- 
comes loaded with large quantites of sand and silt. As it pro- 
gresses oceanward, however, the inclination of its channel is 
decreased until long before the Gulf of Mexico is reached its velocity 
has become so checked that it is compelled to deposit large quan- 
tities of the material which farther to the west it carried with 
relative ea«e. Other tributaries of the Mississippi and many other 
streams in America and elsewhere illustrate this principle on a 
grand scale. 

With but few exceptions our streams in eastern Kansas have all 
reached the condition of base level, or the stage represented by D, D^, 
so that throughout the lower i)art of their course a filling-in process 
has been carried to considerable extent. This is particularly true of 
the Kansas river, the Osage river, the Marmaton river, the Neosho 
river, and the Verdigris river. At Lawrence the water company 
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has made nQtiierouB borings in the river valley and has found that 
certain liniestoneH and sandtttones exititiD}; alontf the bauks have 
been worn away and that the depth of the river valley at one time 
was 50 or 60 feet greater than it now is. The gravels in the lower 
portions of the tilling are uiucli coarser than those above, just as 
would be expected. In the coal mining operations at Boicourt it 
was found that the filling of the Osage valley liad reached as great 
a thickness as that noted above at I>awronce, and with coarse gravel 
at the bottom. But below tlie silt and sand and gravel the regular 
stratified rocks were found. Koriugs at different places along the 
Neosho, particularly at Burlington, where a water-supply was 
sought, have revealed a similar condition. The old river channel 
has been filled in tirsl witli coarse gravel, then with finer, and finally 
with ordinary silt and soil on top. 




It is usually understood by the masses of the people that this 
fliling-in process implies a lowering of the general level of the coun- 
try where the filling has taken place. But it will be seen that such 
is not necessarily correct, as a filling of some kind is a necessary 
result and has occurred or must occur in the life history of every 
stream. Rhould there be produced a slight decrease in the altitude 
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it will iiitt^nsifv tlu* fillinjr operation an4 in many eases where the 
inciea.se of filling lias been but little it will be diflficult to recognize. 

J.et ns now turn our attention to a study of the cross section of 
a stream which is liowing over materials similar to those assumed in 
the previous discussicm. Prior to the time when base level was 
reached at this particular point the vertical corrasion of the stream 
would be so rapid relatively that the lateral corrasion need hardly 
be considered. Li*t us suppose the channel worn to. a depth repre- 
sented by a, a^ a. tij^ure 10, at the beginning of our consideration. 
Shoitly after it would have reached a condition represented by b, 
b^ b. The downward course would progress rapidly until base level 
was almost or entirely reached, when a condition similar to c, c^, c 
would be obtained. Hut now the vertical corrasion will cease and 
the slow but continuous process of widening the channel will be- 
ccmic api)arent. Let us now assume that the surface A, A^ is cov- 
ered with a hard formation such as limestone, while the remainder 
of the materials repr(*sented are soft and friable shales. The widen- 
ing of the channel will be produced principally by local rains, during 
which time the multitudes of little rivulets will carry nmterials into 
the river. If the hard layer did not oc*cur at A, A^ the bluifs would 
assume rounded outlin(»s, and the upper portions of them would re- 
cede laterally from the river much more rapidly than the lower. 
But the durable limestone covering at A, A^ prevents this. It will 
be worn away ])rincipally by being undermined so that block after 
block of it will fall below. In this way the walls of the blulT will be 
kept very steep if not almost precij)itous. 

Lateral erosion is slow. The blutls are worn away mechanically 
by the rains in times of freshets, and chemically by the percolating 
waters dissolving materials, so that every little spring, or even the 
surface rivulets wliicli tlow from the hillsides are constantlv carry- 
ing away portions of th(* blutTs. Jiut in geology time is long. The 
widening process will continue until the valleys of one stream coin- 
cide with those of its neighbors. During all this time the upper 
surface of the valley. It, WK would maintain about the same level, 
provided general olographic movements do not interfere, except- 
ing as the flood plain is gradually tilled in with silt in times of over- 
flow. Dit!*er(»nt Kansas streams have in this way produced valleys 
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from thnv to tivc* iiiilrs wide*. It will be S(»on from this coiisidiTiitiou 
that after a stn^am has reaclKMl its base level the (luautity of watcT 
whirh it carries is of liltle importance in widening the valley. It 
iH the amount of rainfall in any particular location, and the rapidit}' 
of c(u-rasi<m produciMl by that rainfall, and the amount of materials 
carried away in solution by the p(*rcolatinjj: waters which determine 
the rate of widening. All that is nMpiired of the stream is that it 
carry away this local drainage. 

Itut the lateral tributaries must also reach base h»vel as well as 
the stream its(*lf. The wid(»nin«:: of their valh»ys will therefore 
proj^ress about as rapidly as tln^ widening; of the valley of the larjrer 
stream. This is illustrated in hundr<»ds of places in Kansas. The 
valley of Ww Wakarusa south of Lawn»nce is as wide as that of the 
Kansas river to the north, whih* some of the little tributaries to the 
Wakarusa not more than six miles lonj:: have valleys half as wide. 
The p-eater tin* numb(»r of lateral tributari(»s th(» more rapidly the 
p^neral erosicui of a distri<-t will be produced, for they so p'eatly 
in<'reas(* tin* surface (*xpos(Ml to erosion. A tributary six miles Uni^ 

will have twelve mil(*s of blulV. If its vallev is three miles widt* it 

* 

has incn*as(*d tin* blutV surface* to tifteen miles, instead of tlu* three 
miles of blulf w(*r(* the tributary not exisiinj:, and the rapidity of 
tlu* jjeneral erosion has been correspondin<::ly incr(*as(»d. 

The immediate* river <hannel in all these wide valleys is from 10 
II) DO feet below the surfa<(* of the vallev land, and freciuentlv the 
walls of the chanm*! ar(* almost ]M*rpendicular, as is shown in tiji:ure 
10 at c. The existen<c* of this particular channel is j)rincipally 
due to the solvent action of the water on the earth immediatelv in 
contact with it. 

Aft(*r a stream has reach(*d its base level it usually begins a proc- 
ess of meanderinji: from blulf to blutl, thus occupyinji: much j;r(*at(»r 
si)ace than wimld be necessary could it follow tin* dir(*ction it had 
l)efore basi* level was reached. This c(uidition is i)articularly w(*ll 
repres(*nt(*d in the Kansas river an<i the Osap* i-iv(*r n(*ar the (*aste]-n 
]»art of the state, and is less i)erfectly represented by the Neosho and 
Verdijifris rivi*rs throuj;hout their ccnirse. 

One other condition should be nu»ntion(*d before j)assin^. I-i4*t us 
sujipose a river has reached its base level thrcni^hout a lar^e j»art of 
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its course, and has assumed a meandering direction. Later let there 
be a general elevation of several hundred feet throughout the course 
of the stream. This would increase the fall, and consequently the 
velocity, so that vertical corrasion would be renewed. Ultimately 
the stream would again reach its base level, and then the widening 
process would produce a new valley. We would therefore have two 
sets of blulTs, the one below the other, or a terraced condition, the 
intensity of which would depend on the abruptness and the height 
of each individual bluff. Such a terraced condition is usuallv con- 
sidered good evidence of one or more periods of orographic move- 
ment since the stream first reached its base level. There is to-day 
a new physiography, or new physical geography, based largely on 
the interpretation of such conditions; for it will be seen that our 
river valleys and river bluffs have recorded in them the life history 
of rivers, and records of oscillations of surfaces since the streams 
came into existence, or since the continents were formed. 



Figure 11. 




Diagram showing the nature of the general surface erosion. (Kansas Univ. 

Quar., vol. 2, p. 132.) 

Having thus considered the general results produced by river 
erosion of materials similar to those composing the Kansas Carbon- 
iferous we may now extend the principles to the whole surface of 
the country. Figure 11 is a diagrammatic and condensed representa- 
tion of the surface of eastern Kansas, together with the peculiar 
properties of the rocky crust of the earth upon which the contours 
depend. It represents a series of limestone systems approximately 
parallel dipping gently to the west and outcropping on a surface in- 
clined towards the east. The intervening spaces are filled with shale 
or other matter which readily yields to erosion. The right hand 
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limit of each limestone system therefore is marked by a t(»rrace* nearly 
as high as the distance downward to the next limestone; for, as al- 
ready seen, the friable shale will yield rapidly and almost or entirely 
undermine the limestone mantle above, which in time will break- 
away as it is undermined, thus allowing the terrace* to recede west 
ward. 

Often the limestones will have been fissured back of the terrace, 
as shown at b and c, so that a valley has been cut between it and the 
main land, leaving a flat-topixHl mound standing alone. Such 
mounds are of most fre<iueiit occurrencre, and give a picturesqueness 
to the scenery which cannot be described. The frequency of such 
geogra])hic nam(»s as Mound City, Mound Valley, Twin Mound, 
Blue Mound, etc., tells its own story. 

The walls of such mounds will always be steep, and somc^times 
almost preci])itous, but their formation is <»asily understood, and is 
the same as that jnsi given for river ])luffs. Thus, the diameter of 
the top of mound b, figure 11, remains constant for a long period on 
account of the protecting inllu(»nc(»s of the rock fit the summit. 
But the basal diameter is rapidly growing shorter, because the shale 
composing the mound so r(*adily yields. Should one or more of 
the limestone systems have* an outcropping many miles in length 
an escariummt would mark tin* outcrojiping throughout, the wall of 
which would correspond in shape and abruptness to the face of the 
mound. 

THE KANSAS RIVER. 

We will now enumerate the more important rivers which ftow 
partially or wholly across the ( 'arbonifi^rous jirea, give their princi- 
pal physiographic i)roperties and discuss such other questions re- 
garding them as may seem pertinent. The largest stri^am in the 
state is the Kansas river which is formed by the confluence of many 
tributaries, the most im]>ortant of which rise in the extreme western 
part of the state, or just across the line in ( 'olorado. Its valley is cut 
down through the various formations, so that the uppermost mem- 
bers of the Carb(miferous ai'e reached a little west of Abilene. The 
Permian rocks constitute the main mass of the bluffs from Abilene 
to Manhattan. From here to its mouth the riviT Hows entirelv 
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(hrou^ll the Coal Measures. The blulfs just west of Abilene are low 
relatively, and gradually rect^ding, and are composed principally 
of the Dakota sandstones, which have but little variation of hardness 
throughout their mass. Below this both the Permian and Coal 
Measure formations are composed of alterations of limestone and 
shale, producing steep bluffs, which in extreme cases reach 300 feet 
in height. 

A careful examination shows that the height of the river blufTs 
is quite irregular. Occasionally they come down to within 50 or 75 
feet of the river, but either east or west rise again to much greater 
heights. Wherever such a low height is reached it can be readily 
seen that the limestone which dips to the west is here lower than it 
is farther east, and that the first one above is well worn away at this 
particular place, but is found farther west capping higher bluffs. 
Topeka, Lawrence, and Eudora, each is a good illustration of this. 
At Topeka the uppermost limestone to the east has dipped until it 
is onlv about 75 feet above the river. The first limestone above 
has been worn awav for a few miles farther back, but w(»stward we 
soon reach the bluff' protected by it, while to the east the surface 
rises with the limestone which is on the surface at Topeka. 
At Lawrence the Oread limestone extends eastward just to the west 
city limits. The Lawrence shales have been cut into about 200 feet, 
but there is practically no bluff on the south bank, as the AVakarusa 
valley joins the Kansas river valley here. A few miles below Law- 
rence the south bluffs begin rising, having for their protection the 
thin limestcme shown in ])lates VI and VII as occurring about 150 
fe(»t below the Oread. U\ the time Eudora is reached in our journey 
eastward the Eudora-(iarnett limestone has come to the surface, 
so that it forms a protection to the bluff's (m both sides of the river. 
They nvv here less than 100 feet high, but gradually rise to the east 
on account of the limestone continuously assuming higher posi- 
tions. This is easily rcnognized by any one passing between Law- 
ren<e and Kansas City on either side of the river. The Eudora 
limestone may be traced all the way fo Argentine, at which place it 
occupies a position about 250 f(»et above the river, with the bluffs 
correspondingly increased in height. 

Disregarding, therefore, the channels cut by the lateral tributa- 
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rieH,\ve may descriho tli<» hlulTs of the Kansas river from Kansas City 
to Manhattan as r(»pr(*sentinjj: in prolih* a series of «j;reat steps, the 
floor of eaeh (me of whirli jrra<lnally (lii)s to the west until it readies 
a position much nearc^r the water h»v(»l than it oreupies farther east. 
The risers in this jj:r(*jit stairway are the greater and h»sser escarp- 
ments fa<'inj^ eastward which mark the (^astern ontcroppinj^s of tlie 
successive limestone systems. \V(»stward from Topeka a few mih»s, 
as shown in jilate VI, the* limestone systems become* thin and mod- 
erately clos(» toj^ether. There the vertical (»rosion of the river has 
exceed(»d the general areal erosion of th(» country, so that a larj^er 
number of limestcme systems an* worn through by th(» river withcmt 
bein^ removed from the surface of the <'ountry. Hlulfs in this local- 
ity are hij^h and much more retreatinj^ than farther b(*low. Hut the 
river vallev maintains its width so that the blulf lines are W(*ll 
marked, and their faces an* <om posed of numerous little terraces 
each one of whicli is produced by the (existence of one of the thinn(»r 
limestone svstems. I^utfalo Mound, a short distance to the south 
from th(* river, in this way rises to a heijrht of oOO feet or more above 
the river vallev. 

Only a fi»w places can b(» obs(»rved in the* river channel fnmi Abi- 
lene to Kansas City where the lim(»ston(» l(»d^es are visible*, in all the 
other instan<(»s the tilling:: in l>r<>e*oss havin*^ entirely covered them 
up. There may be no doubt, however, but that in the youthful 
period of the stream many cataracts and falls, some of them hun- 
drenls of fe(»t in extent, lined the riv(*r from its mouth to at least as 
far W(»st as the» west(M;n limits of the Carboniferous. The j^reat Law- 
rence shah* bed nearlv.*^(M) feet thick would vield so readilv to erosion 
that we mav safelv c(mclude the ()rea<l limestones and the Lawrence* 
shales eause*d cataraets and falls which rivaled in height and gran- 
deur the* Niagara Falls as we now si»e themi. The hiji^h blulTs at Kan- 
sas <Mty likewise, compos(*d as the»y are of such h(»avy beds <»f 
limestone with ^r(*at shale be*ds beni*ath, probably produced similar 
falls in the Misse)uri river at or below Kansas City. Other plae^es 
could be nauKHl, but these are the most striking:. In fact some of the 
lesser tributaries of the Missouri and Kansas rivers have sueh 
falls still in existence althouj^h they are rapidly jmssing away. 
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TRIBUTARIES OF THE KANSAS RIVER. 

Tlie Kansas river has numerous tributaries entering it from both 
sides. On the north Blue river enters it at Manhattan. It has cut 
its channel through the various systems of limestone and shale, so 
that its bluffs are as high and as precipitous as those of the Kansas 
river. The valley also is nearly as wide, but gradually grows nar- 
rower towards its source. Below Manhattan Mill creek enters the 
Kansas river from the south. It rises away to the southwest in the 
uppermost parts of the Permian. It has cut its valley through the 
various heavy limestone systems to about 100 feet below the Cotton- 
wood Falls limestone. Throughout the most of its course its valley 
is relatively narrow, but its bluffs are similar in every respect to 
those of the Kansas river. At McFarland its south bluff is almost 
precipitous, rising to a height of 200 feet. The north bluff, however, 
is very receding, consisting of a gradual slope rather than a bluff 
proper. This condition is largely due to the particular character 
of the rocks which favors such a slope. Below this the next im- 
portant tributary is the Delaware river, which enters from the north. 
It rises on the high divide separating the Kansas river from the Mis- 
souri. It has cut its channel into the surface to so great a depth 
that its bluffs in many places are as high as any known along the 
Kansas river. Its bluffs are remarkable for their precipitous char- 
acter. Its valley is not as wide as the valley of the Kansas river, 
but in places towards its mouth it almost approaches such a width. 
This stream has not reached base level throughout the whole of its 
course, for in different places the water plunges over greater or 
lesser falls caused by tbe resistance to corrasion offered by limestone 
strata. The name, Valley Falls, of a town located on its bank im- 
plies this. 

From the south the Wakarusa enters the river near Eudora. Its 
course is but little more than thirty miles in length and lies nearly 
parallel to the Kansas river, so that the drainage area between the 
two is narrow. The Wakarusa has cut its channel to a depth equal- 
ling that of the river, and throughout more than half its length the 
valley is approximately as wide as the Kansas river valley. On 
account of the sharp angle it makes with the river the upland be- 
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tween the two valleys has been worn away farther to the went than 
we find for the other tributaries. Lawrence is situated at the ex- 
treme southeast extent of the hijj:hlands between the two valleys. 
Just east of the city the valley from the north bluffs of the K<ansas 
river extends southward to the soutli bluffs of the Wakarusa, a dis- 
tance of fully iift(»eu miles. 

Other smaller tributaries enter the river in many places, and 
also the various tributaries mentioned have their own lateral tribu- 
taries. The whoh* of these; seem to haye practically reached their 
base level. Those enterinjj: tlu* Kansas river cannot deepen their 
channels until the river is in some way reduced to a lower level, 
while the i;reat(»r portion of th(^ smaller tributaries likewise haye 
already cut their own channels almost as deep as will be possible. 
Many of the snuiller streams hav(» also widened their channels 
until in numerous instances a stream not more than ten. or twelve 
miles lonj; has a valley towards its mouth three or more miles wide. 
This is well illustrated by tin* litth* branch which enters the Waka- 
rusa from the soutli, alonj^ which tlu* Atchison, Topeka & Santa Fe 
railroad juisses from Lawrence to Ottawa. 

ABSENCE OF COMPOSITE TOPOCJHAPHY ALONG THE KANSAS RIVER. 

(>areful examination was mad(» alon^ the bluffs of the Kansas 
river and its various tributaries for indications of composite topo- 
f^raphic features whi<h would hav(» resulted had there been any very 
consid(»rabl(» uplifting of the country in the environs of the source of 
the river after it had tirst reached its base level throujijhout the lower 
portions of its course. As was explained in the (»arlier paji:es of this 
chapter, when a stream n^aches its base* level and has widened its 
valleys a subsetpicMit elevation of \\w drainaj^e area will cause a 
second deepc^ninj^ of th<' channel, and a correspondinjjf widtminj; of 
its new vallev after base? level is n^achcMl a second time, which will 
result in the production of a terraced condition of blulTs. The m<»- 
anderin^s of the stream during th(» p(»riod of the widening; of its first 
valley would also be indicated in the more or less tortuous course 
of the second bluff line. If, tiKM'efore, such staphs have* been passed 
thronjj^h by the Kansas riven*, w(* should find their history recorded 
in the <*haracter of tin* bluffs. Not a sinj;:l(» instance* is observable 
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of a distinct approach toward a t(M*nued rondition in the bluffs of the 
Kansas river, or of any of its tributaries, ex<eptin^ in the many in- 
stances wliere li^ht terraces occur, each of which is phiinly due to the 
existence of the hard limestone mass within the bluff. Such benches 
are alwavs observable where there is more than one limestone svs- 
tem in the bluff. The width of the bench above the limestone rarely 
is more than fiftv feet and nsuallv but little more than twelve or 
fifteen, so that they could not W rei)r(»sented on a topojjraphic map 
of ordinary character. This nuitter is one of ji:reat importance in 
coniH»ction with the p'olo^jic history of Kansas. Throug^hout the 
three seasons of field-work its importance was c(mstantly in mind 
and observations as continuously made with an earnest hoj)e to dis- 
cover such terraced conditions should any exist. A general eonsid- 
erati(m of the blufi' lines thems(»lves also indicates an absence of 
composite topop'aphy. An examination of the topographic sheets 
issued by the United States (feolojj:ic Survey shows that the bluff 
lines of both river and tributaries are remarkably regular, there 
being no approach whatever to the sinuous directions the secondary 
blufi's would have assumed had thev been outlined bv the sinuous 
course the river assumed after it reached its first base level. This 
indicates that it will not do to assume that in i)ast time the first set 
of bluffs j)roduc<*d has Ix^en entir(»ly removed by the erosion. 

LIFE HISTORY OF THE KANSAS RIVER. 

IU)th Professors Williston and Hay, as well as others, have shown 
that the principal tributaries of the Kansas river existed previous to 
Tertiary time, that they had worn great <'hannels in the upper mem- 
bers of the Cretaceous rocks, and that subsequent to Tertiary time 
the channels assumed by the ju'esent tributaries correspond very 
clos(»ly with those occui>ied during j)re-Tertiar\' time. Throughout 
the Carboniferous* area there is no indication whatever of a change 
of location of any considerable extent having occurred anywhere 
in the course of the river or of any of its principal tributaries. We 
may therefore conclude that its present location is substantially 



* Doctor Sharp, of McPherson, has probably found an old river channel at McPherson in 
the Dakota, an account of which wiU be published soon. 
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the same it has ooeiii»ied during all of its existence since the «2:eneral 
western uplift at the eh)se of the Cretaceous time. 

The question naturally arises regardinjr the cause of the location 
of the river alon^^ the particular course wheie it is now found. This 
can be only partially answered. As has been shown in the precedinji: 
chapters, the great persistency of limestone strata throughout the 
Coal Measures is a<*conipanied by many genth* variations in dip, ho 
that we have anliclinal ridges and synclinal troughs some of which 
extend over relatively large an^as. The rocks on tht* south side of 
the Kansas river dip towards the uortli. At i^awrence there was 
previously a light dip towards the south throughout i>ortions of the 
river vaHev, as is abundantlv shown bv the fact that the Oread lime- 
st(mes on the blulls north of the river are a little higher than they arc 
on the south. This can only b(» accounted for by the previous exist- 
ence of a synclinal trough which [M)ssibly heli)ed determine the primi- 
tive drainage channel. Also just above Kansas City we have a similar 
condition, rocks dip])ing northward on the south bank, and yet 
occupying slightly highci* elevations on th(» north. These variations 
are slight, but wherev<?r observed throughout tlh* course of the 
river, they indicate that in its earliest stages the riv(»r channel was 
located along the synclinal troughs. 

THE OSAGE RIVER. 

This stream rises in the vicinity of L>urlingame and passes out of 
the state almost oppposite IMeasanton. From Ottawa eastward 
it has a wide valley, and, in many places, high and irregular bluffs. 
The general character of the topographic features are practically 
the same as those described for the Kansas river. The bluffs are 
either low or high according to the present location of the protective 
limestone systems. In the vicinity of La <'ygne and Hoicourt where 
the Pleasanton shales are so heavv, with the numerous limestone 
systems close together above them, deej) and wide valleys for the 
river and its tributaries result, while farther uj) stream, as the same 
limestone systems reach lower levels, on account of their westward 
dip, the bluffs correspondingly decrease in height. This has oc- 
curred to the greatest extreme in the vicinity of Ottawa, where the 
-14 
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bluffs art- little morv than ->• f^^t hisfa. A few miles to the west, 
however, the outcropping of the ^.^rvsad limet^toiie is met, and the 
bluffs corres^iondinglv amount to nearlj :!»«> feet. The wid^iing of 
the channel of the i>sa^ has not p»r»>gr*«sed to nearlj so great an 

I'Xtent ihr\>ugho«t thr prin»:i^<il p^Hrtions of its course as it has 
farther Inflow. At La •"A^ne th^ vallrv is al<»ut four miles wide, 
with the river iiuun«irr:n^ fr^*iii Ma^f ti» bluff in an exceedingly 
t<»rtuous luaiin^r. At lV.:vurr Si^ar t-rvir'i vall«fv unites with the 
i>s;iiri* rivt^r valhv, sc» xLai w- havr- a -^.udition similar to that already 
descriN^il at I-iiwr^u-t- wh^rv 'Lr W;ikurusa vallt-y unites with the 
valWv of the Kausiis r:\rr. iSu: h»r-rv th»r underlving limestone 
rises eo the s\»»i:li vt rv sl« wiy. <•> ::.ar as MUf ^<isses alon^ the line of 
I he Memphis railiKul one s»:t:-iiis :■.» Nr in this low valley for twelve or 
rifu^'u miles. Il- re alst» ;: Tii-^v i»^ iiv»r:v>-«l that the Sugar creek 
\allev is as widt* as thai •>: tht- rivr-r itMrif. This has plainly been 
brvHight alKHit bv t'rv>sioii. rlie <><i;;;v- riv^-r having long ago reached 
irs base levt^l u» a point ab«»vf the uiouth of Su^r creek. 

ABSENCK OF OOMtVSITE TOPO«^RAPHY. 

An examiuariou ot rhv Mutfs of tit- v^siigt^ and its tributaries was 
Mu molt' pi>»durrivf» ot iudii-aiious of •'»»mposite totH.>graphy than 
Kas iilitadv bttu vU-s. rib. «l for rhe Kau<;is riv^r. Lo*.»k where we 
uill ^uru f'-'aruivs »;auaot bt' t'oiuul. T'Mr bbi'Ts ia places have minia- 
nir»- t«rra«es, bui. >u« ii r»-n*ao«:s plaiulv art* di'peadenc u^H>n the pro- 
it*vrivH iuihieucv nf io-al lijU'StiMU' s\ stems. An examination of the 
iopoi;:raphi«- she*ts also rv w als a m»Kl».rar»:*ly straight and even direc- 
rion f»»r th^ bliiT Iin«;^. a* Uasr an abstn««r of rhe degree of sinuosity 
oii»- would t'X^ffi-r ii> riiid wert,' th«* bliiiTs [►rwluusly outlined by the 
Tii-auilHriu;;s of a sirvani w liirh had rvarn«.d its base level. 

If wt* now look (*n- an »:-xplauatiou for tho i^sa^e river beiug k>- 
rar^-d in the partionlar [»ositiou it ot-rupits. we tiud causes about as 
♦ •tt1ri^-nt as those mentioned for tlie Kansiis river. As is shown in 
plafM II. tht' limesrone systems which »:over the hills at Boicourt dip 
rai»idlv to rhe north to the blutls at La Ovjrne. while bevoud thev 
rise ro Fonrana. This is one of the j^reatest synclinal valleys known 
in rh*^ sratr. and tlie < »sii;;e river at tins place occupies the synclinal 
nroujih. Ir is true it has worn throuirh the limestones* but in its 
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earlier stage quite probablj* had its position determined by the limits 
of the synclinal producing a natural valley through which it flowed. 
Farther up stream nothing of the kind has been observed, but if the 
location was determined for the lower portions the upper parts 
would naturally have assumed the positions near where they are uow 
found. 

THE POTTAWATOMIE RIVER. 

This stream is short but has a very interesting topography. It 
rises on the surface of the Garnet t limestone to the west of Garnett. 
Its tributaries have cut through this limestone, and have eroded deep 
valleys into the underlying Lane shales. Its bluff lines are almost 

m 

straight, its valley is relatively wide throughout most of its course, 
and its bluffs correspondingly high. One feature of the valley par- 
ticularlv should be mentioned; from Lane to near Osawatomie the 
valley proper seems to rise toward the east. This at first sight 
seems rather remarkable, but on closer examination it was found 
that the lola limestone covered t he whole of this valley. The higher 
Garnett limestone of course was worn through by the stream before 
its vertical corrasitm had c<arried it downwards to the lola limestone 
horizon. The clieck in rapidity of vertical erosion due to the lola 
limestone gave time for lateral erosion. In this way the widening 
process of the valley above the lola limestone was far advanced be- 
fore the river had cut through the latter. As one passes from Lane 
to Ottawa one will notice thai the valley proper lies above the lola 
limestone and is four or five mih^s wide, but the river has now cut 
through the latter limestone and the widening process of its second 
valley is in its incipiency, having reached a mile or more in the 
vicinity of Osawatomie. In this way there is an approach towards 
two bluff systems which might be mistaken for a change of level in 
the upper parts of the stream, causing it to reach a base level a 
second time. But the true explanation is that just given. 

THE NEOSHO RIVER. 

This stream rises in the central part of the state on the uppermost 
portions of the Termian as it is now exposed. It flows in a general 
southeastern direction, making a gradual curve until it passes out 
of the state flowing almost south. TIk* topographic features along 
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this stream are not so j)ronoiiuced as tliose described for the Kan- 
sas and the Osage rivers, but they are equally interesting. Where 
its direction is approximately at right angles to the line of outcrop- 
ping of the different formations the bluffs are about equal in height 
on either side. But as it changes its relative direction the south 
bluffs in places are less pronounced than the north. It would seem 
that this is due to the gradual rising towards the south of the differ- 
ent limestone formations, while towards the north the upturned 
edges of the same formations would be eroded in such a way as to 
produce more nearly vertical walls. Farther downwards, when the 
stream breaks through the line of outcropping of the Oswego lime 
stone, the east bluff line which is in the Cherokee shales has melted 
away to a gentle slope receding four or five miles from the river, 
while on the west the protective influence of the Oswego limestone 
has caused a bluff to exist at Oswego which in places is almost 
vertical to a height of 150 feet. The general features, therefore, 
of the topography of the Neosho river are easily explained by the 
particular geologic conditions of the country over which it flows. 
The direction of the bluff lines is more curving than we have hereto- 
fore found for the other streams, but nowhere do they approach a 
sinuosity such as streams assume after they have reached their 
base level. On the contrary the curves are bold and gradual, im- 
plying that they are due to the general surface features which deter- 
mine the directions the river should follow. 

THE VERDIGRIS RIVER. 

The Verdigris river rises in the Coal Measures proper not far from 
the southern limit of the Neosho drainage area. Its direction in the 
state is almost south. --It has cut its channel through the Garnett 
limestone, the lola limestone, and the Independence limestone, and 
has reached its base level almost to its source. From Benedict 
almost to Neodesha the lola limestone serves as a protection for the 
bluffs on both sides of the river, while below this they cap the bluffs 
on the west to almost opposite Independence. The height of the 
bluffs throughout this distance gradually increases to the south ; at 
Benedict they are about 75 feet high, while near Neodesha they are 
nearly 200. Below Neodesha the river reaches the Independence 
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liHieKtone. and the Thayor shales permit the eastern bluff to recede 
from the river in a jjenfle manner similar to the eastern bluff of the 
Neosho at Oswejro, while the lola limestone causes the western 
bluff to be almost precipitous, but it has receded six miles or more 
from the river. Farther below, where the river has cut its channel 
through the Independence limestone, the bluffs protected by the lola 
limestone gradually assume positions farther to the west of the river, 
so that at Independence (hey are four or five miles away. The eleva- 
ti<m of the Independence limestone is but a little above the base level 
of the river at Independence, so that the river valley practically 
reaches to the surface of the Independence limestone, producing a 
sequence of conditions similar to those described for the Pottawato- 
mie river valley b(»lweeii Lane and Osawatomie. 

AREAL TOPOGRAPHY. 

Having given in considerable detail the topographic features 
along the principal rivers of the state, we will now turn our atten- 
tion to the general areal conditions of the high uplands between the 
various streams. Let us again refer to figure 1 1 which has already 
iK^en explained. It approximately represents a cross-section of the 
general areal conditions. Here and there where ever there is a line 
of outcropping of an important limestone system there is a more or 
le8si)ronounced escarinneni facing the southeast. Ttie vertical height 
of such escarpment is dependent almost wholly upon the thickness of 
the shales which underlie the limestone. Wherever two limestone 
systems approach each other vertically by thinning of the separating 
shale beds the two escarpments correspondingly diminish in bold- 
ness. This is well illustrated in the line of escarpment which 
reaches from La <\vgne and Hoicourt away to the southwest. ' As has 
already been pointed out in chapter IX, the walls of this escarpment 
vary in height from place to place as the tliickness of the IMeasanton 
shales varies. Farther to the southwest the Erie limestone series 
is separated by t!ie thickening of the intervening shale beds, and 
each one in turn has its own escarpment, as is so well marked in the 
vicinity of Mound Valley and Cherryvale. If one will piiss across 
the countrv from the southeast towards the northwest one will be 
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continuously passing up a series of terraces similar to those repre- 
sented in figure 11. 

If the escarpment is bold and the underlying shale bed is thick, 
a series of mounds always exists to the southeast of the escarpment 
proper. These have plainly been produced by tlie erosive agents 
breaking through the protecting limestone farther to the west. 
Such mounds sometimes are large, witli broad flat tops, as is so well 
illustrated by Table Mound described by Adams in chapter I; some- 
times they are small like the frustums of cones, as is so beautifully 
illustrated by the mounds in the vicinity of Cherryvale and Mound 
Valley. In both these places the protective limestone is still main- 
tained on the summit, as shown at b, figure 11. At other times the 
surface limestone has gradually been worn away until the mound 
consists entirely of masses of shale which may have a little sand- 
stone interspersed. In these cases the summit of the mound will 
generally become rounded, as shown at a, or d, figure 11. Illustra- 
tions of this class are common throughout the country. 

By referring to chapter IX it will be seen that above the Cherokee 
shales we have two particularly heavy shale beds, the Pleasanton 
shales and the Lawrence shales, and also that some other shale beds, 
such as the Thayer shales and Lane shales, in places assume consid- 
erable thickness. It is interesting to note how the great areas of 
mounds and escarpments coincide so exactly with the southeastern 
limits of these shale beds. Beginning at La Cygne and Boicourt, 
we have an area characterized by mounds and steep bluffs reaching 
to the southwest by way of Mound City, Uniontown, Cherryvale 
and Mound Valley to beyond the limits of the state. Above this 
we have the Thayer shales, which produce a similar topography in 
the vicinity of Neodesha and Independence. Passing upwards an- 
other similar condition is reached where the Lane shales come to the 
surface, so that from Osawatomie to the southwest by the way of 
Lane, Greeley, and Garnett, w^e have quite similar physiographic 
features. Then above this, where the Lawrence shales are most 
heavily developed, the same conditions are repeated. At Lawrence, 
Blue Mound stands off five or six miles to the east of the general 
outcropping of the Oread limestone with its protective cap of lime- 
stone nearly removed by erosion. 
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One cause which intensifies these physiographic features is tlie 
various tributaries of the principal streams (tutting the channels 
through the overlying limestone. In this way a deep and wide 
valley with high blufTs may extend far into the interior bey(md the 
limits of the river blulTs, and may repeat the features already 
described as characterizing the eastern faces of the great escarp- 
ments. A good illustration of lliis is found along Sugar creek, 
which rises to the southwest of Mound City, It has cut through all 
the overlying limestone a hundred feet or more into the Pleasanton 
shales throughout almost all of ils course. Along the walls of its 
blutfs, therefore, we find mounds and promontories reaching out into 
the valley similar to those of the various general escarpments already 
described. 

We find but few broad g(*ntle rolling areas anywhere 'within the 
(Carboniferous. The tributari(»s to the ditt'erc^nt streams have cut 
the whole country into valleys, and the residual portions which are 
not carried away by <»rosion constitute the liills, so that usually 
there is such a succession of hills and valleys that the whole country 
is not only well drain<Ml but mod<M*ately rugged. One* can travel many 
miles in the direct ion of th(*s(» ridges almost on a level, while perhaps 
in a transverse dircM-tion one or mon* deep valleys would be found 
every mile. The* great ('herok«'(» shah* area in Cherokee and ("raw- 
ford counties is an t*x<rption to this gencM-al rule. It is almost 
level throughout, thm* being a significant absen<-e of any consider- 
able hills or highlands within it, excepting in a few j»laces where the 
Columbus sjindstones have assumed considerable proportions, so 
that they serve as a prot<»rtion for the und(»rlying shales. 

The general physiographie features of the Permian are similar to 
those of the Coal M(»asures. The river drainage valh^ys are as deep, 
and their blult's as high as can be found anywhere in the Coal Meas- 
ures. The only distinguishing feature that is readily apparent is 
the absence of the great escarpments ov(»r the general uplands, as 
have already been d(»scribed for the eastern limits of the heavier 
shale beds below, such as the Pleasantim shales, the Thayer shales, 
the I-iane shales, and the Lawrence shales. Throughout the Wa- 
baunsee formation and the overlying Permian the absence of such 
heavy individual shale beds makes such great escarpments un- 
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known; but k^aser ones are very frequent. In the vicinity of the 
great drainage valleys where the streams are cut so deep, passing 
many limestones in suceession, the blutfs are usually most beauti- 
fully terraced, the horizontal distances between the terraces gen- 
€*rally being small and the limitations very evidently being controlled 
bv the limestone formations themselves. 

THE FLINT HILLS. 

Few localities can be found the physiographic conditions of which 
better illustrate the relations between stratigraphy and physiog- 
raphy than the Flint Hills area. Westward from Independence 
along the southern part of the state for some distance a sandstone 
area {prevails. The Xiotaze well, for example, passed 800 feet below 
the surface before limestone was reached. The limestone forma- 
tions below this dip to the west until they are beneath the surface 
in this localitv so far that thev have not retarded erosion. From 
the vicinity of Independence westward, therefore, the whole sur- 
face of the counti'y along the south line of the state has been com- 
posed of materials easily eroded, which accounts for the unusually 
low altitudes in the vicinity of the Verdigris river and to the west. 
Hut when the Flint Hills area is reached the heavy massive lime- 
stones, rendered more durable by the interbedded flints, resisted de- 
cay to such an extent that they have been affected only mildly by the 
corrasive agents. Westward from this area again we find an ab- 
sence of hard materials; the strata dip rapidly to the west; many 
of them pass under the Arkansas river, leaving at the surface the 
soft, easily eroded sands and shales. It is therefore the most natural 
condition that the great Flint Hills area should now stand out promi- 
nently from the surrounding country to the east and the west, 
having been left behind while the adjoining materials were chiseled 
away, a result of the peculiar formations which exist throughout 
that area. The sides of the hills have jis a consequence become very 
steep. This in turn has given greater corrasive power to the various 
little streams rising in the territory, which in turn have chiseled 
deep gulches on every side simulating in character and extent the 
gulches on the sides of more pretentious mountains. The very 
formations which have caused this peculiar physiographic condition 
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grow thinner to the north so that the}' have a less elevation, and the 
sandstone area to the east disappears entirely before we pass very 
far northward from tlie south line of the state, so that the great 
abruptness on the east side of the Flint Hills gradually declines 
as one travels northward, until it practically entirely disappears and 
the customary series of terraces and escarpments so common in the 
Coal Measure area takes their places. 

The Carboniferous of Kansas is therefore a great plain the sur- 
face of which has been cut into valleys and streams and into great 
escarpments on the uplands. Wherever we look there are ever- 
changing scenes before us, scenes dependent in origin on the combi- 
nation of stratigraphic conditions, surface inclination, and the 
erosive action of the elements, yet scenes which are pleasing to the 
eye and satisfying to the mind on account of their ever-varying 
beauty and suggestive nature. They are the smooth and even 
poetry of nature rather than the rugged and the strong. They 
suggest greater scenes, higher hills and deeper valleys, because 
they are such, only in miniature. "They lack the overpower- 
ing immensity of the vast erosions of the west. They do not 
stagger our imagination b}' the magnitude of the phenomena. So, 
as well, they do not discompose our study with sentiments of 
awe and wonder. They lie within the range of easy comprehension. 
They are unimpassioned lessons on the methods by which the once 
expressionless face of tlie land was carved into pleasingly diversi- 
fied relief."* 

* Chamberlin and Salisbury: Sixth An. R<'p. Dirc^ctor U. S. Gtool. Sur., p. 224. 
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AREAL EXTENT OF THE COAL FIELDS. 

According to the Report of the State Mine Inspector for 1894, 
twenty different counties in the state have produced coal in sufficient 
quantities to be considered of commercial value. Five of these are 
located west of the Coal Measure area, and produce the brown coals, 
or lignite, in small quantities. The remaining fifteen are located in 
the Coal Measures proper, and are : 

Atchison. Chautauqua. Crawford. Labette. Lyon. 

Bourbon. Cherokee. Elk. Leavenworth. Osage. 

Brown. Cofifey. Franklin. Linn. Shawnee. 

It will be seen that they are widely scattered over the eastern 
part of the state. To this list a few names should be added to cor- 
rectly represent the geographic extent of workable coal within the 
state. The report above referred to included only those counties in 
which coal mining was actually conducted to a greater or less ex- 
tent during 1894. The extent of the coal, however, is not dependent 
upon cheap freight rates nor proximity to thicker and better veins, 
while the markets, and consequently the mining operations, are. 
The following counties are known to have considerable coal in them, 
and should be added to the above listed fifteen : 

(218) 
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Douglas. 
Montj];oinery. 
Neosho. 
Wilson. 

Each of these has coal to a sulticient extent to justify local opera- 
tions, usually by the '^st rip-pit" method. In some of them the 
mining is practically discontinued on account of the <*heap coal 
shipped in from the larger mines; while could the same coal be 
located in the western part of the state it would be a fortune to its 
possessors. The coal beds of Douglas county may be used as an 
example to illustrate this. A fair (jualiiy of coal in veins of from 
12 to '10 inches in thickness was formerly mined to a considerable 
extent in half a dozen or more localities a few miles to the southeast 
of Lfiwrence. Uut with e(|ually good or better coal shipped fnmi 
Ijeaven worth and placed upon th(» retail market at from J2.75 to 
|3 per ton, the local mining had to be abandoned, exc(»pting here 
and there where a few farmers obtained their winters supply of fuel. 

In the counties above enumerat<Ml the (roal is or has been princi- 
pally mined at or near the following places: 

Atchison, — About two miles south of the city of Atchison: the 
vein has an average thickness of 15 inches; mining operations be- 
gan in 1893. 

Bourbon, — The miners are j)rincipally o[)erated to the southeast, 
east and northeast of Fort Scott, ;ind the coal is known in the mar- 
ket as the Fort Scott ^^red." 

liroirn. — Min<» on Roy's rreek in northeast i»art of county, near 
White (/loud in Doniphan county. The vein is about 10 inches thick, 
and quality of coal good. Operated for local trade. 

Chautauqua, — Mines located near Ij<*eds in the northwest part of 
the county. The operations are principally conducted to supply the 
local trade. The vein is from VI to 18 inches thick, and therefore 
will not admit of operations for the general market. 

Cherokee, — This is thestvond lu aviest producing county in the state. 
The principal mines are located in the environs of Weir City, Ch^ro 
kee and to the southwest, when^ threi* dilTerent veins are operated, 
and farther to the southeast in the vicinity of Columbus, (-restline. 
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and Tehama, where a 14-inch vein is operated for local consumption. 
At least four different veins of coal are operated in the county. 

Coffey, — Mines located in the Vicinity of Lebo. The coal is 14 
inches thick and operated for local trade. 

Crawford. — This is the heaviest producing county in the state. 
The mines are situated around Pittsburgh and to the northeast 
and southwest. Two veins are usually operated and in some 
places three. 

Douglas. — Mining operations almost abandoned. Mines located 
in the vicinity of Sibley and Blue Mound. The coal vein is from 12 
to 18 inches thick, of fair quality, and formerly supplied a consid- 
erable local demand, but has been driven out of the market by 
cheaper coal shipped in from Leavenworth and other places. 

Elk. — Small quantities of coal have been found in the vicinity of 
Grenola, which has been mined to a limited extent for the local trade. 

Franklin. — Coal of a good quality and apparentlyin great quantity 
exists in different localities to the west and southwest of Ottawa. 
It is mined principally near Ransomville and Pomona, and supplies 
the country trade; is extensively teamed to Ottawa, and limited 
quantities are shipped into the general market. 

Labette. — The coal is found in the vicinity of Oswego and to the 
north. It is in veins about 15 inches thick, and is mined by the 
"strip-pit" method to supply the local market. 

Leavemcarth. — A 22-inch vein of coal is mined in and about Leav- 
enworth city by shafting to a depth of between 700 and 800 feet. 
This county ranks third in the per cent, of its output. 

Linn. — The coal in this county is obtained from Pleasanton, Boi- 
court, La Cygne, Mound City, and a few other places, usually by 
shafting, but sometimes by the ^^strip-pit" method. The county 
ranks fifth in output for the state. 

Lyon. — Years ago small deposits of coal were found in the east 
part of the county which were operated for the local trade. Re- 
cently, however, the operations have been abandoned. 

Montgomery. — Considerable coal exists in this county to the south- 
cast of Independence, and also to the northeast towards Neodesha. 
It is only mined locally, and the cheaper fuel from the larger mines 
has almost put a stop to this. 
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Neosho, — TliayiT is the rcMiler of rlie roal-mininj^ district in this 
county. The mines are i)rinrij)aHy located to th(» west near the 
border of the count v. The coal vein is from 15 to 20 inches thick, 
and large quantities are obtainc^l for Thayer and surrounding towns, 
and for the country trade. 

Osage, — Coal is mined at many points along the Atchison, Topeka 
& Santa Fe railway between Topeka and Emporia, with Oarbondale, 
Scranton, Burlingame and Osage City the principal mining centers. 
The mines are operated by botli the *'st rip-jut** and the shafting 
methods. This county stands fourth in per cent, of output. 

Sthairnre, — The* minces ar(» located just west of Topeka and at 
Silver Lake and Dover. Mining is done by both shafting and drift- 
ing. The coal veins average about 1.*^ inches in thickness. 

Wilson. — The coal is situated to the southeast, ea>3t and northeast 
of Neodesha. Th(^ mines are operated quite extensively for local 
trade. The veins vary from 12 to 18 inches in thickness, and fur 
nish coal which is placed upon the market at almost as low rates as 
anywhere in the state. 

THE GEOLOGICAL POSITION OF THE COAL BEDS. 

The Cherokee inhales. 
More than SS per cent, of all the ct»al mined in the stat<* during 
1894 came from the Cherok(»e shales situated at the base of the 
Lower Coal Measures. These shales contain manv different veins of 
coal, in fact they are so numerous, were all the lesser ones consid 
ered, that probably they would leach twcMity or thirty in number. 
The veins which are worked to a considerable extent in Cherokee 
county are onlv four, while to the north in Crawford county <mlv 
three. About 175 feet above* the base of the shales is the ("olumbus 
coal. The vein is variable in thickness, but will average fnmi 12 to 
15 inches. It lies just under a relatively heavy sandstone which 
caps tlie plateau and hills east and southeast of Columbus. The 
sandstone is cut through in almost every quarter-section by one or 
more little streams or ravines so that the coal is exposed along the 
brow of the hill in dozens of different places. The coal bed seems 
not to be uniform in this respect, so that occasionally it is wanting 
in areas covered by the sandstone. This coal vein was operated in 
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the early days of the settlement of Cherokee county several years 
before the heavier veins above were discovered. 

Near the middle of the Cherokee shales the heaviest vein of coal 
known in the state occurs. It is extensively mined along the belt 
reaching from a few miles southwest of Scammon to beyond the east 
line of the state by way of Weir City, Pittsburgh, and other promi- 
nent mining towns. It outcrops to the southeast and dips to the 
northwest at about an average of seventeen feet to the mile. It 
is usually known as the lower Weir City-Pittsburgh coal. Its thick- 
ness, which is remarkabl}^ uniform, averages fully 40 inches, with 
an occasional maximum thickness of 4 feet or more. It is also the 
best coal in the state as will be shown near the close of the chapter. 
The northwest limit of this heavy coal seam is not fully determined. 
Deej) borings at Girard show that it does not occur there. There 
is a general local feeling that it has quite narrow limits in a north- 
western direction, but there are some indications that it extends 
much farther to the west and northwest than has usually been sup- 
posed. Above the heavy vein at a distance varying from ^0 to 00 
feet a second or upper vein is located. It has an average thickness 
of from 25 to 30 inches, and is mined in many places througliout the 
coal-mining territory. The quality of the coal produced is almost 
as good as that of the lower vein. In numerous places in the north- 
west part of Cherokee county, and reaching over into Crawford 
county, a third vein of coal is found ranging from 14 to 20 inches 
in thickness which is mined in many places by the "strip-pit*^ process. 
It is particularly easily reached along the eastern border of the 
Lightning creek valley. 

In the extreme southwestern part of Cherokee county, and across 
the line in Labette county at various places along the Neosho river, 
quite a number of different coal seams occur, all of which lie within 
the Cherokee shales. Coal is mined from different ones in the 
vicinity of Oswego, and for several miles both north and south, at 
different places in the vicinity of Chetopa, and at other points in 
the Indian Territory near by. 

These different coal seams are not perfectly uniform in vertical 
l)Osition, but they do not vary any more than coal seams usually do. 
In fact the two heavier ones varv much less than is customarv with 
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similai* coal seams throughout the Mississippi valley. The marsh 
or lagoon in which the coal plants were collected had an unusually 
level and even bottom, and it must have been at least twenty or 
thirty miles in length, for good workable coal is found continuously 
throughout that great a distance. 

Farther north, in the vicinity of Fort Scott, coal is found within 
8 or 10 feet of the summit of the Chcfrokee shal(»s. The vein 
averages about V\ inches in thickness, but in places it is a little 
more. It is so close to the '*cement-' rock that usuallv the latter 
has to be removed to obtain tlie coal. The numerous creeks and 
little ravines for miles around Fort Scott have cut down tlirough the 
*'cement'' rock, leaving the coal exposed cm all the banks. It has 
been mined literally in hundreds of places, by the stripping process, 
the coal having been foIlowcMl back into th(» bank ten, twenty, 
thirty or more feet, d(»pendent upon the thickness of the covering. 
The coal follows tlu» Oswego iiuK^stone southward as it rises into 
the high anticlinal ridge towards Pittsburgh, throughout all of which 
distance it has been mined. Along tlie highest parts of tlie divide 
it is. no unusual siglit to sec* (h(» '*stripping-pits" from which the 
coal has hovu t;ik(Mi. 

As shown in chapter II, the Cli(»rokee shah»s extend north to Leav- 
enworth and beyond, where the Leavenworth coal is found at about 
i\w middle of their thickness. In sinking the shaft for operating 
the mines numei-ous coal seams were passed before the one which 
furnishes the coal, an<l by drilling i( was learned that at still greater 
depths other coal of equally good (jualiry and thickness exists. In po- 
sition, therefore, the Leavenworth conl is about the same as the Pitts- 
burgh-Weir City coal beds. Tlu» records of the various drill holes 
which have Imhhi sunk betwec^n Pittsburgh and I^eavenworth show 
that there is more or l(»ss coal scattered throughout the whole 
distance, as a ean^ful study of j»Iate II will show. It should not 
be understood, howev(M*, that the Leavenworth coal seam is a con- 
tinuation of eithc^r one of lh(^ Pittsburgh seams. Such would be ex- 
ceedingly improbable on the face of it, and the various drillings 
ref(»rred to show conclusivelv that the two seams are in no sense 
of th(» term continuous. Yet throughout the whole of the Cherokee 
shales period the conditions in general were favorable for the 
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growth and accumulation of coal-forming materials, so that in the 
aggregate vast quantities of the material were formed. According 
to the estimates given in the Report of our State Mine Inspector 
for iSD3, the total output of coal from the Cherokee shales aggre- 
gated 85.79 per cent, of the total output for the state, and for 1894 
it had increased to 88.79 per cent It may reasonably be stated 
that this not only shows how the coal-mining operations are con- 
ducted at present, but also gives a fair indication of the way we may 
reasonably expect them to be developed in the future. The Chero- 
kee shale beds are par excellence tlie great coal-producing formations 
of the state. 

The Pleasanton Shales. 

Above the Cherokee shales little coal exists anywhere in the state 
below the Pleasanton shales. In a few places small amounts have 
been seen in the shales between the Oswego and the Pawnee lime- 
stones, but it has not been mined at any i)lace so far as known to this 
Survey, excepting at one point to the southwest of Fort Scott 
mentioned by Bennett in chapter IV. But when the Pleasanton 
shales are reached large quantities of coal of an excellent quality 
are found at their very base, or within less than 20 feet of the 
Pawnee limestone, which places it only about 100 feet above the 
top of the Cherokee shales. The principal mines are located at 
Pleasanton, Boicourt, and La Cygne, at which places the coal is 
reached by shafting to a depth of from 50 to 90 feet, the exact dis- 
tance varying considerably with the surface contour. The vein is 
from 30 to 34 inches in thickness, so that it can be extensively 
mined with profit. 

In other places, particularly around Mound City, still within the 
Pleasanton shales, other seams of coal are found which are worked 
either by the stripping process or by drifting. To the south of 
Pleasanton, all the way to Fort Scott, coal is frequently mined 
locally. At some of the mines the coal seam is from 20 to 30 inches 
thick, but usually from 15 to 25 inches. The exact geologic horizon 
of many of these places has not been determined. Some of them 
should undoubtedlv be correlated with the Fort Scott **red'' coal, 
and others probably with the Pleasanton coal, while Mr. Bennett is 
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inclined to believe that at some of the mines the coal is in the shale 
between the Oswego and the Pawnee limestones. 

The Thayer Shales, 

Above the Pleasanton shales the next coal of any note lies within 
the Thayer shale beds, the base of which will average about 500 
feet above the summit of the Cherokee shales, or 950 feet above the 
base of the Coal Measures. This coal is particularly noteworthy on 
account of its being the lowermost coal in the Upper Coal Meas- 
ures, as the divisions are made hv this Survev. It is mined at manv 

' t ft V 

intervening points all tlie way from Independence to and beyond 
Thayer. Southeast of Independence the principal vein is located 
high up in the shale bed, as is also the coal at Brooks and Thayer, 
but in other places to the southwest of Thayer towards Neodesha 
it would seem the coal is lower. It is quite certaiu, therefore, that 
two or more coal seams occur in these shales which probably are 
separated from 50 to 75 fe«»t vertically. 

The amount of coal in the Tliayer shales is very considerable 
and the quality good. Almost all of the community for many miles 
around is suj)plied with all their fuel, including the various towns 
and villages along railroa<l lines. 

The Lawrence Shales. 

In passing upwards from the Thayer shales no more coal of any 
importance is fonn<l until the Lawn»nce shales are reached. They 
being about 1,400 feet above the base of tlie Coal Measures, and the 
coal within them is from 50 to 100 f(^et above their base. The coal 
is most abundant in Franklin county, but reaches northward into 
Douglas county as well. It is most extensiv(*ly mined to tlie west of 
Ottawa, here and then* over an an»a of many square miles. The 
coal seam is from 14 to lil inches (liick, and the coal is of fair quality, 
80 that when used it compares (piite well with the coal of the 
general markets. Tli<* mining is carried (m by shafting and drift- 
ing. From the mines it is tcaiiKMi to Ottawa and other neighboring 
towns, and is loa<hMl on cars at Ponuma or Kansomville, and 
shipped into the gen(Mal niark(*t. 

The Douglas (rounty mines are almost entirely abandoned at 
—15 



226 University of Kansas Geological Survey. 

present. Years ago, before the coal of the general markets became 
so reasonable in cost, mining operations were carried on in a dozen 
or twenty different places over a large area to the southeast of 
Ijawrence. The coal has the same horizon occupied by the Frank- 
lin county coal, but is not quite so heavy, ranging from 10 to 15 
inches in thickness, and consequently cannot be placed on the gen- 
eral markets in competition with other coals at the prices now 
ranging. 

The Atchison coal occurs in the Lawrence shales near their 
top, or within about 50 feet of the Oread limestone. The vein is 
from 16 to 18 inches thick, and the coal is good in quality. 

The exact location of the Brown county coal has not yet been de- 
termined, but probably it is nearly on a level with the Topeka coal, 
or the Osage coal. 

Although other porti(ms of the state have the surface covered 
with the Lawrence shales, yet, so far as learned, they do not contain 
coal in sufficient quantity to justify mining. 

Tfw Osofje City and liurUnoame ^halcH. 

The coals occurring in these shales are remarkable for constitut- 
ing so extensive a deposit at so high a point within the Coal Meas- 
ures. They are located 2,200 feet above the base of the Lower Coal 
Measures, yet in quantity and quality the coal will compare toler- 
ably well with many coals in the Mississippi valley obtained from 
much lower horizons. The total output in 1894 from this horizon 
reached the large quantity of 7,754,775 bushels, equalling 8.58 per 
cent, of the total output of the state. 

The mines are principally located in Osage county, along the 
line of the Atchison, Topeka & Santa Fe railway betwec^n Topeka 
and Emporia, at Carbondale, Scranton, Burlingame, Osage City, 
and other places. The coal seam outcrops to the southeast and is 
therefore first mined by stripping. When the dip takes it too far 
under the surface to admit of profitable mining in this way, the 
ordinary shafting process is employed. The coal averages about 
16 inches in thickness, but in many places exceeds this considerably. 
The depth at which it is reached of course will depend upon the posi- 
tion with reference to the outcropping and the particular surface 
contour. 
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Beyond the limits just p^iven coal belonging to this same horizon 

has been mined in C'otT(?v <ountv near Lebo and in Lvon oountv 

• «■ • « 

alonp: its eastern lint*. Thin seams of coal are found in ilreenwood 
county near Madison and southward, and in p]lk county around 
Grenola, also in (.'hautauqua county at Leeds. At the latter place 
considerable mininjj: is done. 

North of Osaj^e Oity the same coal is mine<l near Toj»eka, and 
another coal 100 feet hi^ln^r up at Dover and Silver Lake, two points 

which lie so rlose to Toi^eka that th(»v are usuallv class«»d with it. 

I t • 

Beyond this to the northeast trac(»s of coal have been found in 
Jefferson county, r»rown county, and at a few oth«»r points, which 
presumably should b<» correlated with the Osajje <'ity-Hurlinpune 
coal. 

Above the Osajre City hori/.(»n no coal in paying (piantity has 
been found in tlu» Coal Measure area of the stat<», cxc(»i)ting the one 
just named at Dover and Silver Lake. 

RESUME OF STRATIGRAPHY. 

We have now mentioned all the coal-prixlucinjr horizons in the 
Coal Measures of tin* state, which may be summarize<l as follows: 

('(trtf-ftrftrhif/ llnrizona of Knnnas. 

1. Cherokee Shales: Located at btase of C-oal Measures, ir)0 feet thick. 

Coals: Columbus coal; Weir Citv -Pittsburgh lower and upper; strip-pit 
coal in northern part of Cherokee county: various coals around Oswcffo; 
Leavenworth coal. 

2. Pleasanton Shales: Located above Pawnee limestone and below the Erie lime- 

stone, 2.T> feet thick, with base 5.">0 feet above baw^ of Coal Measures. 
Coals: Pleasanton; Hoicourt: La Cyjjne; and Mound City coals. 

3. Thayer Shales: Located between the lola and Erie limestones, from 100 to 

250 feet thick, with bjise about 1,000 feet above base of Coal Measures. 
Coals: Thayer coal; Brooks coal; Neodesha coal; and Indei>endence coal. 

4. Lawrence Shales: T»cated between the Garnett and Oread limestones, from 

200 to 300 feet thick, with base alx^ut 1,400 fe«»t above base of a>al 
Measures. 
Coals: Franklin county coal; Douglas county coal; and Atchison coal. 

5. Oeape City and Burlin»rame Shales: Over 100 feet thick, locatetl above Topeka 

ccmls, and alM)ut 2,100 feet al)ove base of Coal Measures. 
Coals: Chautauqua and Elk (rounty coal; Cotfey and Lyon county coal; 
Osage City coal; Scranton coal; Hurlin^ame coal; Carbondale coal; 
Dover and' Silver Ljike coal: Jefferson county coal: and probably the 
Brown county coal. 

PHYSICAL AND CHEMICAL PROPERTIES OF KANSAS COALS. 

lint litth* work has been dont* upon the Kansas coals in the* way of 
exact physical tests and chemical examinations. Professor Blake, 
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of the department of physics in the University, years ago made a few 
tests of a number of varieties to determine their steam-producing 
properties. The results were published in the Transactions of the 
Kansas Academy of Science, volume XI, page 46, 1888, the summary 
of which is here reproduced in full: 

''''Summary. 

**From these results, the Kansas coals thus far examined are to be arranged 
in the following order as regards their evaporative powers: 

( NoTK.— About ono-half the ovaporatiriK powers here given will bo obtained in practice.) 



O 



1 

2 
'6 



5 

7 



Name of coal. 



riiorokee 

Fort Scott 

Linn county 

('herokeo, upper vein ( 

Loavonwortli S 

Franklin county 

Osag(i county 

Cloud county 

For comparison : Best Indiana block (Clay county) 





Pounds 
water 


Dura- 


Calories 


Table. 


ovaiK)- 

rated per 

pound 

coal. 


tion of 
burning, 
seconds. 


gram — 
degrees 
centi- 
grade. 


A. 


13.42 


6.5 


r306 


C. 


13. 2() 


60 


ims 


E. 


12.7ti 


65 


6».52 




12.54 


S 50 i 

\ 75) 


6734 


(j. 


12.:<2 


125 


6615 


F. 


12.10 


115 


6498 


H. 


9.9() 
14.43 


i:» 


5316 



In the State Mine Inspector's Report for 1893, page 179, a table is 
given comparing the relative values of coals from many different 
parts of America with a cord of standard oak wood. This might 
be called a comparison of the relative heating capacity of the 
different coals. This test was made by the United States Quarter- 
master-(ieueral, and gave the following results: 

Table Sliowhuj Number of Pounrh of Caal Equal to One Cord Standard 

Oak Wood. 



Pounds. 

Weir, Kjis., lump 1,988 

Trinidjid, Colo 2,0(K3 

Pittsburp, Kas 2,0G9 

Litchfield, KaP 2,0()9 

Weir, KaR., mine run 2.1C5 

Leavenworth, Kas 2,307 

Canon City, Colo 2,:^3 

White River, Wyo 2,323 

Rich Hill, Mo 2,3(39 

Pleasant Hill, Utah 2,407 

New Kentucky, 111 2,477 

Gallup, N. M 2,489 

Mount Olive, 111 2,C41 

Ladd, 111., third vein 2,660 

Fort Scott, Kas 2,670 



1 



Linton, Ind 

Lexington, Mo 

Spring Vallev, 111 

Girard, 111 

Branch, III 

Hocking Valley, Ohio 

Lyford, Ind 

Streator, 111 

Boulder Vallev, Colo 

Burlingame, Kas 

Scranton, Kas 

Mitchell, Colo 

Osage City, Kas 

All Pennsylvania anthracite 
Cerrillos, N. M., anthracite. 



2,698 
2,734 
2,751 
2,840 
2,852 
2,971 
3,015 
3,076 
3,176 
3,301 
3,418 
3,645 
3,710 
1,700 
1,657 



k. 



Ha WORTH.] 



The Coal Fields of Kansas, 



229 



The chemical examinations were made by Professor Bailey, of 
the University, and were also published in the Transactions of the 
Kansas Academy of Science, volume XT, page 40. He determined 
the amount of water, the volatile matter, the fixed carbon, and the 
amount of ash. The following table gives the results obtained: 

Tho averatjcg as Rivoii above are collecto<l in the following table! . 



Name. 



Chorokeo 

Cherokee (upper vein) 

Fort Scott 

Leavenworth county. . 

Linn county 

Osaife county 

Franklin county 

Cloud county 

Pittsburg, Pa 

Nebraska 

Warron county, Mo.. . 



Wat^^r. 


Volatile. 


1.94 


;«.77 


2.1W 


:«.:« 


2.94 


41.76 


2 m 


:fiJ.2i 


2.(n 


39.42 


6.76 


41.59 


7.55 


44.40 


i:j.70 


46.14 


I'M 


:*>.6i 


4.1W 


:«.17 


6.75 


:«).4() 



Fixed 
carl)ou. 


A.<«h. 


52.45 


8..H4 


4S.64 


13.96 


47. 55 


7.75 


47.41 


10.69 


46. S9 


11.62 


4<).N) 


10.79 


;f7 68 


10.37 


2^.. 52 


11.64 


54.17 


7.91 


49.44 


7.46 


45.75 


11.10 



It is desirable to have the two factors, water and ash, as low as 
possible, for neither of tluMU <*an be of any value as a fuel. The 
relative amounts of volatile- matter and fixed carbon should vary 
according to the use to which the coal is to be put. For making 
illuminating gas a high per <*ent. of volatile matter is desirable, but 
for evaporating and general heating ]>urposes, and for coke making, 
the greater the amount of fixed carbon the better. Doctor Day has 
published tables comparing the per c(*nt. by weight of coke obtained 
from 100 i)arts of bituminous coal from ditferent parts of America. 
From his report of 18JK^ on the '^Mineral Ilesources of the United 
States," page 418, it is h^arned that the average per cent, of coke 
produced from the Kansas coals was G'J.8, while the highest of any 
was 66.7 per cent., from tlie Illinois coal. 

From the foregoing tables of both the physical and chemical 
properties a few conclusions may be drawn. First, it may be con- 
sidered established tliat the Kansas coals compare very favorably 
indeed with the bituminous coals of other states within the Missis- 
sippi valley, and fairly well with the soft coals of Ohio and Pennsyl- 
vania. Second, it will be seen that in every desirable respect the 
coals of the (Cherokee shales are the best in the state, and that in 
general the higher the ^ologic position of any (*oal the i)oorer the 
grade of coal. Vet it may also be concluded that, in comparison 
with many other coals, o\ir highest, the Osage City, is a good coal. 
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COMMERCIAL VALUE OF KANSAS COALS. 
The oommercial value of coal is dependeot upon many factors, the 
most important of all of which is the rate at which outside coal can 
be imported if the local production does not equal the demand, and 
the character of the mai-ket to be reached provided the local produc- 
tion exceeds the demand. Thus, in this state the local production 
far exceeds the home demand in almost all places where coal is mined 
from the Cherokee shales, the Pleasanton shales, and the Osage Citj 
shales, while at almost all other points where it is mined the output 
falls short of supplying the local trade. The only way, therefore [■• 
compare coal outiiuts is to consider the bushels or tons. The fol- 
lowJDj; table has beeu arranged from data taken from the report of 
the Slate Mine Inspector for 1893, page 83, and for 1894, page 42: 



Table ahowiag Stathlics on Prndiictii.n of Coal for 1893 and 1894, Ar- 
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PROBABLE FUTURE OF COAL MINING IN KANSAS. 

There are good reasons for believing tliat coal mining in Kansas 

will increase with comparative rapidity^uring the coming years. 

There can be no reasonable doubt that the quantity within the 

Coal Measure area is much greater than has been usually estimated 
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by those interested in such matters. The records of the various deep 
wells drilled by those* prospectinjj; for oil and j^as show than in many 
places coal in considerable quantity was ])assed through, which 
might often be mined were there a sufficient demand for it. Further, 
as has been shown in these ])ag(*s, our state is full of thinner seams of 
good coal which cannot now be mined on account of the low price of 
coal. But should the price advance only from 1 to 2 cents per bushel 
many of them now untouched could be successfully operated. 
There is, therefore, little ground for apprehension regarding the ex- 
haustion of our coal mines within a few centuries, or of the material 
advance in price. 

Many inipiiries have been made of the Survey regarding the prob- 
abilities of deep borings reaching coal in the west-central portions of 
the state. We an? not now in possession of sufficient data upon 
which to base pr(»di<ti<uis that will be of any special value. In gen- 
eral it may be said that the Lower Coal Measure strata maintain their 
thickness westward much bett(»r than had previously been supposed 
by geologists in gen<Tal. The (.'heroke(» shales maintain almost their 
full thickness to as far west as Neodesha and Frinlonia, with con- 
siderable quantities of coal, as is shown by the 27-inch vein at Cherry- 
vale, and this indicates that possibly they and other formations may 
continue wc^stward for 1(K) or 2(M) miles more. \V(» are in ])ossession 
of no authentic re<vords of de<*p wells further wc»st than Fredonia. 
Could a few wells Ix* drilled about Wichita, Hutchinson and to the 
north which would pass almost to the base of the Coal Measures they 
would throw much light on the general stratigra]>hy of the deeply 
buried formations, and. whether they passed through coal or not, 
would be a great h(*lp in the intelligent pr(*di<tion of tin* probable 
conditicms of the ]>resence or absi»nce of <M»al in any considerable 
quantities. It is earnestly ho])ed that in the future accurate records 
of all deep wells within the state will be ])ermanently preserved. At 
present little encouragement can be given to the hope that coal in 
paying quantities could be reaelnMl in those localities by shafting. 
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HISTORY OF DEVELOPMENT. 

The history of the discovery and development of oil and gas in 
Kansas may be divided into three parts: Part first, dealing with 
those indications which led up to the further development; part 
second, with what may be termed the first stage of development; 
and part third, the recent period of development, which continues 
to the present time. 

First — In a number of different places in the state the earliest 
settlers learned from Indians that "oil springs" existed. Some of 
them were counted of wonderful efficacy by the Indians, and were 
regularly visited by them for the purpose of obtaining material to 
be used by the medicine men in their various forms of "practice." 
They were principally located in Miami and Wyandotte counties, and 
possibly some were known outside. The first settlers naturally be- 
came much interested in such occurrences, particularly as this was 
a period during which the development of oil in the Pennsylvania 
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region was progressing so rapidly. Wells wore drilled in the vicin- 
ity of Wyandotte which furnished considerable quantities of gas, 
a product at that tiuie almost entin^ly unknown in America. As 
early as 1800 ^[r. (jr. W. Brown, of Paola, began prospecting for oil, 
but the work was abandoned on account of the ])olitical difliculties 
which soon arose. In the vicinity of Mound (Mtv a few wells were 
drilled about the same time, each of which ]»roduced a small quantity 
of both oil and gas. but nothing considered of any special import- 
ance; In the earlv davs aft(»r the war the citizens of Paola. 
principally through the etlorts of lion. W. K. Wagstatt', W. T. 
Shively, and oth(»rs, engaged the services of Prof. O. (1 Swallow, then 
State Geologist for Kansas, to make a survey of Miami county 
with special reference to the probability of tinding oil. Ilis re]K)rt, 
a pamphlet of 24 printed pages, was full of encouragcMuent, as may 
be shown hy the following short quotation: **The facts seem suf- 
ficient to convince anvone familiar with indications of the devel- 
opnient of petroleum in the product iv(» regi^ms of the country that 
it exists in large iiimntities in this county.'- With such encourage- 
ment as this, companies were formed and consi<lerabl(» prospecting 
done in the envinms of Paola, but with inditferent success. 

The surface indications of petroleum were too wide-s{u*ead in 
character to be conlin<?d to the limits of the counties named. As 
far south as Cherokee county considerable attention was given to 
the subject by the early settlers immediat(dy after the close of the 
war. The prominence of the indications in the western part of the 
county may be judged from tlu* fact that a small stream was named 
"Tar creek," and the current beli(*f was that shcmld prospecting be 
done vsist quantities of oil would be obtained. 

It will thus be seen that from the earliest davs of Kansas history 
there has been a popular and widi^-spread faith in the ultimate 
development of a gnsit oil and gas industry in the eastern part of 
the state. 

Second. — The second period of our historv mav include the time 

I « ■ 

from about 1871 or 1872 to 181M). During this period a great deal of 
drilling was done in different plact^s. prineipally by local com])anies 
and by drillers of limited experi(»nc(». Paola was looked upon as 
the central portion of the oil and gas territory. In 1882 prospecting 
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was again renewed in Miami county, and gas was found in the wells 
which were drilled about seven miles to the northeast of Paola, a 
locality to which the prospector had been drawn on account of the 
traces of oil which were found on the spring waters at that particu- 
lar place. The result of this prospecting was that sufficient quanti- 
ties of gas were found to be piped to the city and introduced as a 
source of light and heat in the residence and business houses of 
Paola. Prospecting was continued all around the city, east, north, 
and west, so that practically as large a supply of gas as coiild be 
consumed was obtained and has been maintained to the present 
time. Some of the wells produce considerable quantities of oil. 
One of these, for example, yielded 15 barrels per day for quite a 
while. 

Drilling was prosecuted in Wyandotte county quite irregularly 
during this second period. Sometimes it was interrupted by litiga- 
tion; sometimes by discouragement from partial failures in obtain- 
ing gas; and sometimes from other causes. 

In 1873 a well was drilled at lola, the "Acres well,'' which pro- 
duced sufficient gas to attract considerable attention and which was 
doubtless a factor in encouraging prospecting in other localities. 
The prospecting was rapidly extended to the different counties 
throughout the whole southeastern part of the state, so that up to 
1890 no less than a dozen towns and cities were principally or w^holly 
supplied with both light and fuel for all domestic purposes. 

Third. — The third period of history begins with the introduction 
of eastern money and eastern companies into our oil and gas terri- 
tory. Having been attracted by the fair success obtained by local 
companies, as above outlined, it was an easy matter for those who 
began it to induce companies of experience and means to come to 
Kansas and engage in prospecting for both oil and gas. Of these 
the company which has done the most to date is the Guffey & Galey * 
Company, of Pittsburg, which makes its headquarters at Neodesha, 
in Wilson county, and the Forest Oil Company, which has recently 
bought the Guflfey & Galey interests. They have leased large terri- 
tories and have drilled many wells, scattered over a territory 
bounded by Chautauqua county on the southwest and Miami county 
on the northeast, and have obtained sufficient success to justify them 
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in making further iniproveiueiits. w iiieli sooin to indicate that the oil 
and gi\H industry in Kansas is a ]K*rnian(»nt matter. Next in inij)ort- 
anee of work already p(M*fornied is the Palmer Oil Company, of Cleve- 
land, Ohio, which hits likewise obtained h»ases over larp;(» areas and 
has be^un prospectinjf in a vij!:orous manner. Other eastern com- 
panies havt* also (Altered the field and have secured leases on a 
larfc<» number of farms, and are making arrangements to begin 
develo|)ment at an early day. The* territory which has been most 
productive during th(* re<-eiit period is locat(*d further to the south- 
west, with Neodesha and Tliaver in its cctnier. 

The present condition of tlie industry may be summarized as 
follows: Natural gas is now obtain(*d in sufficient quantities to be 
used wholly or partially for lights and fuel in the following cities: 
Wyandotte, Paola, Osawatomie, Fulton, lola, Humboldt, (Cherry- 
vale, Ne(Mlesha, Independence, Cotleyville; and has been obtained in 
more limited quantities at Fort Scott. Oirard, Pittsburgh, and other 
places. Oil is now being obtained in considerable quantities iit 
Peru, Xeod(»sha. Thayer. lndepeiidt*n<(s Osawat<miie, and in lesser 
quantiti(»s at some other ]>laces. Jt is diflicult to state the amount 
of oil obtained. Tlu* dev(*l(qMn<Mit is still in the prospecting stage, 
and in many ])lac<*s <'oiinections have not bet^n made betw(*en wells 
and the central tanks, so that the How is suppressed, (^uite tiatter- 
ing results have been obtainiMl from the oil wells at Neodesha by 
the pros|)ecting don(* by the Forest Oil Comj^any since it bought 
interests here, ho that at this dat(\ February, ISOG, there is more 
cause for (encouragement than ever Ix^fore. 

GEOGRAPHIC EXTENT. 

The area throughout which oil and gas has been found in greater 
or less quantities covers about 8,5tM) sipiare miles, and is located 
in the southeast part of tlu* state. It may be approximately bounded 
as follows: From Kansas City draw a line to Lawrence* a distance 
of 40 miles; from Lawren<e pass a sinuous line to Sedan, in Chautau- 
qua county. The portion of the state included between these two 
lines may all be considt^red as oil and gas territory, except a small 
area in the extreme southeastern part cov(M*ed by the Ch(*rokee 
shales. This is not more than 500 sepiare miles in (»xt(»ut, and may 
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be approximately limited by passing a' line from the southwest part 
of Cherokee county to the middle of the east side of Crawford 
county, about 10 miles north of Pittsburgh. 

There is not a single county within the limits above mentioned 
which has not produced either oil or gas, or both. To the northwest 
of the area a few wells have been drilled, with indifferent success, 
but prospecting has not been carried to a sufficiently great extent 
to warrant anyone in deciding that gas could not be obtained over 
a much larger area to the northwest. 

GEOLOGY OF OIL AND GAS. 

Thus far in the history of development the total production of both 
oil and gas has come from the Coal Measure formations. A number 
of wells have been sunk through these into the Mississippian lime- 
stone below, but in no instance have any valuable results been ob- 
tained. Both shale and sandstone are productive, the latter being 
most abundantly so; in numerous cases, however, good flows of gas 
have been obtained from the shale. It is common here as well as 
elsewhere to speak of the oil sands or gas sands. From the condi- 
tions of stratification already explained in the previous chapters of 
this Report it will be seen that the occurrence of sandstone is some- 
what irregular. Perhaps no well can be drilled which will not pass 
through an abundance of sandstone so far as quantity of that 
material is concerned. 

The sands are located in each of the great shale beds from the 
Cherokee shales upward. Those in the Cherokee shales are the 
most productive. In fact, it may well be stated that in the south- 
eastern area nine-tenths of all the oil and gas have been obtained 
from the sandstones within the Cherokee shales, yet it is also true 
that each individual shale bed above this has produced one or the 
other of those materials. The gas wells at Independence, east of the 
Verdigris river, for example, obtained all of their oil above the 
Oswego limestone. The drill penetrated the Cherokee shales, from 
which their supply of gas is obtained. At Cherryvale gas is largely 
obtained from the Cherokee shales, but a few of their most pro- 
ductive wells stopped within the upper shale beds. At Coflfeyville 
the gas is obtained in some instances from Cherokee shales, and 
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in others from the shale beds above. At Neodesha, Tliayer, and 
lola, the Cherokee sliales have been reached in almost every instance 
before any considerable flow of gas was obtained. The stronjif w ells 
at Neodesha, and the recent very remarkable well drilled at lola 
by the Palmer Oil (company, a well ])roducing seven million cubic 
feet of ijas per day, all wen? sunk nearly to the base of the Cherokee 
shales before th(» heavy flows wer(» obtained. At I*aola the pro- 
ductive wells are quite shallow ^(^nerally, but, as will be seen by 
referring to ])late II, the Cherokee shah^s are wonderfully thickened 
hen\ so that the w(»lls rea<*hed their upiu^r surface. This is^also 
true at Osawatomie, at whirh place the wells usually were drilled 
to a depth of from '400 to 1)00 feet. A good illustration of the pro- 
duction of gas by (me of the thin shale seams was met with during 
the drilling at Fulton. One of the wells was started at a place 
where there was an unusually heavy covering of soil and clay. At 
a depth of about 40 feel below the surface the thin shale bed lying 
betwt^en the two Oswego limestones was reached, when quite a per- 
ceptible flow of gas was obtain<Hl. 

It will thus be s<'(mi that both oil and gas are obtained from in- 
cluded sandstone, or i1h» shale itself, within each of the shale beds 
from the Mississippian upward to the Lane shales. It is unneces- 
sary hen* to speak of the geologic ]>ositi(ms, the thickness, or the 
character of th(*se ditlerent shale beds, as such have been given in 
previous chapters. 

RELATION OF DEPTH TO PRODUCTION. 

It will be seen from the foregoing that th(* depth at which oil and 
gas are obtained is <h»pend(MM upon a nunilxT of factors. Where a 
productive* shah* bed <"omes to ilu* surface the leakage has doubt- 
less exhauste<l the supply long ago, but where it is sutlicienlly pro- 
tected to prevent leakage the production will be shallow(*r as the 
covering is lighter. The i'(*latively barren ansi in Cherokee* county 
presunuibly has b(*eii erod(*d to such an extent that tlu? necessary 
covering has been remov(Ml from the Cherokee shales, so that what- 
OA'er quantity of eitli(*r oil or gas nuiy have exist(»d then* at one time 
has been principally dissipated thnmgh surface leakages. This idea 
is strengthened by tin* fr(*(pient discovery of snuill quantities of 



238 University of Kansas Geological Survey, 

gas in the ordinary prospect in<x for eoal, and further, by the indica- 
tions of oil springs along Tar creek •and other places. This princi- 
ple may be extended to other portions of the country. Every shale 
bed comes to the surface along its eastern limits, and consequently 
is deprived of a protective covering over portions of its area. No 
instance is known of any considerable quantities of gas being found 
in those localities, yet numerous cases have been reported of vari- 
able amounts of gas escaping from ordinary wells di^g to depths, 
of from '\0 to 80 feet. Such escapes represent the natural leakage 
that is taking place over all surfaces which are not protected suffi- 
ciently from above. The question, therefore, of the depth at which 
gas may be reached is one whictli can be answered only conditionally 
for any particular locality. It will depend u])on the depth below 
the surface at which gas-producing shale beds may be reached. A 
correct idea of this mav be gained bv a studv of the different charts 
accompanying this Report, which accurately represent the under- 
ground positions of the various shale beds in the southeast part 
o{ the state. 

Another factor, however, shouhl be here considered: the great 
prevalence of salt water throughout the whole gas area may so 
seriously interfere with the (low of gas that a well which otherwise 
would be productive is almost entirely barren. When a well has 
reached a depth of a thousand feet, should gas be obtained in 
considerable quantities, the presence of large quantities of water 
would render the well useless unless the gas pressure were suffi- 
rient to lift the column of water the full height of the depth of the 
well. It is therefore quite probable that in many cases could a well 
be carried to a little greater depth after salt water is reached 
paying quantities of gas could be obtained were it not for the inter- 
ference of the salt water. But few paying wells are known which 
are more than 900 feet deep, while many good wells are less than 
GOO feet. 

IS THE MISSISSIPPIAN SERIES OIL OR GAS PRODUCING? 

Little encouragement can be found for penetrating the Missis- 
sippian formation in search of oil or gas, although they pass west- 
ward under the Coal Measures. The more prominent reasons for 
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this belief mav be summarized as follows: First, the extensive 
mining o])erations in Southwest Missouri and southeast Kansas 
have failed to develop even traces of oil or jjjas, excepting small 
quantities of an almost solid bitumen which occasionally is found 
in little pockets and crevices in the ore-bearing rocks. Had the 
Kausiis hydrocarbons been giMHM-ated below this horizon and driven 
through it to their ])rcsent rc^sting-place it seems exceedingly prob- 
able that greater indications of it would be met with in the mining 
operations. Second, at different places, notably Pittsburgh and 
Girard, wells have? been drilled s(*v<»ral hundred feet below the bas<* 
of the Cherokee shales s(»jirching for artesian water. At Pittsburgh 
five such wells have b(»en drilhul, the deep(^st of which went over 
1,000 fe(^t below the Cherokt^e shales. Neither salt water, oil nor 
gas was found in any of them, tlu* water obtained being used as a 
supply for the city. Pitts])urgh is situat<Ml near the to]) of an under- 
ground ridge in the surfa<*e of the Mississip])ian rocks, which 
probably is an anticlinal ridg*'. Should gas ever have passed 
from b(»lnw upwards through this heavy limestone some of it would 
certainly have lodged beneath this anticlinal, and th(» Pittsburgh 
wells would have discovered it. The (lirard W(»ll was similar, but 
taken to a less depth. It started in tlu* soil covering the (>sw(*go 
limestone and went ii.")? fe<M below the base of the Cherokee shales. 
It found c(msiderable gas within the Cherokee shales but none below 
them. 

This isa(]uestion <»f great pra<*tical importan<-e. It isevident that if 
the oil and gas were geiierattnl within ih<* Coal Measures the leakage 
wiiere tln'ir covering is thin has be(Mi so great that nothing more 
than mere traces could be expifcted within them. Should they have 
come from below, however, there may l)e accumulations of them 
below the Mississippi<in lim<*stone whi<-h could be obtained by deep 
drilling. For the reasons above given sin-h pros])ecting should be 
discouraged. 

THE RF3LATI0N OF OIL AND GAS PRODUCTION TO ANTICLINALS 

AND SYNCLINAI^. 

The <l<*tails of the exa<'l numb<»r and location of the various anti- 
clinals and svndinals in the oil and gas territorv an* so little known 
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that it would be premature to draw any general ccfliclusions at the 
present time regarding the relation of the flow of oil or gas to those 
structures. The general dip of all the formations is towards the 
west and northwest, but along with this there are many reversals 
of directions, and anticlinals and synclinals trending in different 
directions. The indications are that such irregularities in the sur- 
face are too limited in extent and in angle of inclination to have any 
considerable influence on the accumulation of either oil or gas. If 
a given limestone has a slight irregularity of position due to the 
uneven surface of the ocean bottom on Avhich it is deposited the 
formations beneath it might not partake of such irregularities. 
In such cases it is difficult to understand how its particular con- 
dition of dip would have any bearing on the accumulation of gas 
below it. As was pointed out in chapter IX, there is a total absence 
of conditions resulting from any very considerable orographic 
movements, and consequently a particular shale bed which is gas- 
producing may have the stratifications within it entirely independent 
of the slight anticlinals and synclinals noticeable in the overlying 
limestone. 

By way of observation it may be said, that so far as has been de- 
termined there is a lack of harinonv in the results obtained on this 
subject. Cherryvale is located on a slight anticlinal ridge with 
an axis trending northwest and southeast which itself dips to the 
northwest. Whether this has anv influence on the accumulation of 
gas at that place may well be doubted. At Neodesha all the strata 
seem to be dipping to the west about J 7 feet to the mile. It has not 
been ascertained whether or not there is here a slight anticlinal 
with axis pointing towards the northwest. Paola is in one of the 
greatest synclinal troughs there is in the state,yet large quantities of 
gas have b(»en obtaininl from this synclinal trough. 

It would therefore seem that, so far as our present knowledge 
of th(» subject would indicate, there is littJe if any relation between 
i\w location of anticlinals and synclinals and the accumulation of 
either oil or gas. 



V 



Ha WORTH.] 



Oil and Gas in Kansas, 



241 



PHYSICAL. AND CHEMICAL. PROPERTIES. 

Until quite recently we have bad few data regarding the physical 
and chemical properties of the oils and gases of Kansas. The lubri- 
cating oils sold from Paola were partially examined and were found 
to possess superior proprieties for lubricants. Other companies have 
had samples tested at the refineries, and during the past year Prof. 
E. H. S. Bailey, of (he chemical department of the State University, 
has made a large number of careful examinations of both oil and 
gas. Ilis paper is now passing through the press, and will soon 
appear in the reiM)rt of the Kansas State Board of Agriculture. 
Through his kindness the following extracts have been made from 
his manuscript. The specific gravity of the oil was taken; then it 
was subjected to fractional distillations and the fiash point and 
gravity for each distillate was determined. In the following tables 
the left-hand column gives the range of temperature in the centi- 
grade or Celsius scale at which the distillate was obtained, the sec- 
ond column the fiash point of same, the third column the specific 
gravity, and the fourth column the amount distilled expressed in 
cubic centimeters. Ji^ glance at this column will show at what 
temperatures the larger portion of the oil was distilled, and there- 
fore the general character of the oil. 



No. L Ma hi Well at Neodrsha. G. = 0.S35, 




Temperature (\ 


Flash poiut C. 


Specific 
gravity. 


^VniouQt 
dis^tilied. 


40deif. tollOdejf 

no • ^ to ir)0 • ' 


lk»low 26 do*f. 
Ik'low 2(5 •• 
H4»Iow 2t*. '* 
\Mo\s 76 " 
91 " 
Ab<ivcl(iO •• 


0.7(»5.S 
0.7:U4 
0.777S 
0.t<ll2 
0.8377 
0.«5J>1 


61 c.c. 
J<2 c.c. 


150 *• to 200 " 


107 c.c. 


200 * * to 2.*iO * * . . 


77 c.c. 


250 • ' to :m) • * 


101 c.c. 


3W) •' 


215 c.c. 



About 14 per cent, of the original volume remained undistilled 
at the highest temperature to which it could be carried by a gas 
flame and in a gas fiask. 
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No, 2. Kimball Well No. e, Neodesha, O, = 


0.835, 




Temperature C. 


Flash point C. 


Specific 
gravity. 


Amount 
distilled. 


70 deff. to 110 deflr 


Below 30 deg. 
Below 30 •• 
Below 30 •• 
57 •• 
Above 95 •• 
Above 95 •* 


0.7002 
0.7417 
0.7793 
0.8099 
0.8343 
0.8739 


118 c.c. 


110 • ^ to 150 • ' 


178 c.c. 


150 •• to200 " 


157 c.c. 


200 *• to250 " 


153 C.C. 


250 •* to300 '• 


210 c.c 


300 " 


500 c.c. 



About 12 per cent, of the original amount remained undistilled. 

No, S, Hopkins Well, five miles northwest of Neodesha, 0,= nearly 1, 

Oil very heavy and hard to distill, less than half passing off 
below 300 degrees. 

No, 4. Ordway Well, Thayer, O. = 0,849. 



Temperature C. 



70 deg. to 110 dog. 
110 " tol50 •* . 
150 •• to200 " . 
200 •♦ to250 •* . 
280 •• to300 ** . 
300 •• 



Flash point C. 



Below 27 dog. 
Below 27 '^ 
Below 27 

69.5 
Above 95 
Above 95 



Specific 
gravity. 



0.7124 
0.7374 
0.7742 
0.8016 
0.8341 
0.8663 



Amount 
distilled. 



42 c.c. 

82 c.c. 

70 c.c. 
115 c.c. 
121 c.c. 
250 c.c. 



About 12 per cent of the original amount did not distill. 

These four wells may be looked upon as fairly expressive of 
the physical properties of Kansas oils. Possibly extremes may be 
found outside these limits, but not to any considerable extent. 

The analyses of the gases showed that we have natural gas of 
most excellent quality when compared with the eastern gas. The 
following table gives the percentage composition of gas from six 
different localities, so that w^ may conclude they well represent 
the gas of the state: 



Components of gas 
expressed in per cents. 


Paola. 


Osawat- 
omie. 


lola. 


Cherry- 
vale. 


Coffoy- 
ville. 


Independ- 
ence. 


Hvdroiren. H 


0.00 
0.45 
2.34 
1.57 
0.33 
0.11 
95.20 


0.00 
Trace. 

o.eo 

1.33 

0.22 

0.22 

97.63 


0.00 
0.45 
7.76 
1.23 
0.90 
0.00 
89.66 


0.00 
0.22 
5.94 
1.16 
0.22 
0.00 
92.46 


0.00 
0.12 
2.21 
0.91 
0.00 
0.35 
96.41 


0.00 


Oxyfren, O 


Trace. 


Nitrogen, N 

Carbon-monoxide, CO . . . 

Carbon-dioxide, CO. 

Ethylene series, CtH4, etc. 
Marsh gas, CH4 


3.28 
0.33 
0.44 
0.67 
95.28 
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The slight differences in above gases amount to but little. So 
far as they go, however, it will be seen that the Osawatomie gas 
has the largest per cent, of marsh gas, which is the principal com- 
bustible material, and the smallest per cent, of nitrogen, an inert 
substance, and therefore would be called the best gas. 

ORIGIN OF KANSAS OIL AND GAS. 

The evidence available from the various conditions under which 
they now exist points towards an organic origin for the Kansas oil 
and gas. Their intimate association with the shales, which are so 
rich in organic matter, would also imply that they are principally 
derived from vegetation, for our Coal Measure shales are poor in 
both vertebrate and invertebrate fossils, which indicates that animal 
life was not very abundant during the shale-forming periods of Coal 
Measure time. The bituminous character of the shales is therefore 
principally, or almost entirely, due to the presence of vegetable 
matter. The absence of oil in the Mississippian series, as already 
explained in this chapter, would strongly favor the idea that the 
Coal Measure shales are the formations in which the oil and gas 
were generated. 

If the oil is obtained from the shales it would consequently be of 
vegetable rather than of animal origin. The chemical composition 
of the gas, as just given, also indicates the vegetable origin of the 
gas; for were it of animal origin it probably would have more ni- 
trogen. Also the oil has an absence of that peculiar fetid odor 
some oils have which is usually regarded as indicative of animal 
origin. 

Its presence in the sandstone beds would by no means indicate 
that the sandstone formations were the sources from which it was 
generated but rather that the sandstones act as receptacles for the 
gas after it is generated. Their porous condition make them, in re- 
ality, great underground cavities in which any liquid or gaseous 
substance may find a resting-place. 

PROBABLE EXTENT OF PRODUCTIVE TERRITORY. 

The area over which oil or gas or both have already been obtained 
was outlined in the first pages of this chapter. It might be well to 
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say a few words regarding the probability of the productive terri- 
tory being extended to the west It should be clearly understood 
at the outset that any remarks that may be made on this subject 
are only tentative. If our great shale beds pass to the west a con- 
siderable distance beyond the limits of the deep wells already bored 
there is no reason for doubting their bituminous nature. All that 
we know regarding the conditions of deposition would imply that a 
considerable amount of organic matter was mixed with them at the 
time of their formation much farther to the west. This is believed 
because, as far west as prospecting has been carried, the carbona- 
ceous nature of the shales seems to be maintained with no indication 
of any considerable decrease. If such is the case, we cannot know of 
any reason why both oil and gas may not have been produced in the 
depths of the earth many miles west of the present known limit. 

But this should not be used as a basis for hopes of a great pro- 
ductiveness very much farther west. A diflBculty is encountered 
which probably will increase rapidly towards the west. I refer to 
the almost universal presence of salt water. Naturally with the dip 
of our strata being as it is, the productive shales and sandstone lie 
much deeper to the w^est, and the difficulty produced by the salt 
water will rapidly increase. The mere fact that both gas and oil 
are lighter than water is of little avail in such case. The minute 
pores in the sandstone and the shales through which the gas must 
pass will be effectually stopped by the great pressure of the water. 

Few questions are of more immediate importance to the w^estern 
cities, like Wichita and Hutchinson, than the question of the prob- 
ability of obtaining oil or gas by boring. Could a few wells be sunk 
in these localities to the base of the Cherokee shales much light 
would be thrown upon the question thereby, and if accurate records 
were kept and placed in the hands of a competent geologist for com- 
parison with the data contained in this Report a much more valuable 
estimate could be made of the probabilities in the case. Such wells 
would have to be sunk somewhere from 2,000 to 3,000 feet deep and 
would therefore be very expensive, with the chances very great of 
the salt water preventing any valuable results, even though the gas 
and oil might possibly exist 
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PROBABLE FUTURE OF OIL AND GAS IN KANSAS. 

With the favorable results obtained by the prospectors, especially 
during the last two years, we have good reason for hoping that the 
oil and gas industry in Kansas will ultimately assume considerable 
proportions, even compared with the same industry in eastern 
states. Our productive territory is large, and one or the other of 
the products seems to be available at almost every place within it 
where prospecting has been carried to any considerable extent. It 
is evident that the oil and gas are more uniformly disseminated in 
Kansas than in any other territory yet developed in America. This 
augurs well for the future. I*rospecting will not be so uncertain as 
in Ohio and Pennsylvania, wh(»re productive areas have such sharp 
limitations. With our present knowledge of the case, it would 
seem that there is considerable encouragement for any village or 
city within the productive area to drill wells expecting to obtain gas 
in suflBcienl quantity to be of great importance for domestic pur- 
poses. It is not altogether a vain hope, it would seem, to look for- 
ward to a time in tlie near future when all southeastern Kansas 
outside of tlie Cherokee shales area will be almost entirely supplied 
with light and fuel from the oil and gas lying beneath their doors. 



CHAPTER XIII. 



SURFACE GRAVELS OF THE CARBONXFEROUS AREA. 

BY ERASMUS HA WORTH. 



Geographic Location of Gravels. 

Previously Expressed Views. 

Results of Present Investigations. 



GEOGRAPHIC LOCATION OF GRAVELS. 

Perhaps no county in the eastern part of the state is entirely free 
from surface deposits of gravel which are radically different in char- 
acter from those further north belonging to the glacial deposits, and 
from the various Tertiary gravels found in different parts of western 
Kansas. The glacial gravels are found in the northeastern counties, 
but are unknown over the greater part of the state. The gravels 
under discussion are composed almost entirely of flint, or chert, and 
are often fossiliferous. They vary in size, ranging from the size of a 
pea to five or six inches in diameter. Their shape is rounded, but 
often decidedly angular, and occasionally they have sharp, cutting 
edges. In color they range from the light chalcedonic varieties 
through different shades of yellow and red to dark, as river gravels 
usually do when stained with iron which is in various stages of 
oxydation. The light buff color greatly predominates. 

They are found in beds of various dimensions, and in different 
positions with reference to the surface. Sometimes they form only 
a little sprinkling on the surafce; sometimes they form heavy beds 
from 2 to 3 feet thick at or near the surface and at other times they 
are buried from 10 to 20 feet beneath a surface soil. Their position 
is as varied as the surface of the country where they occur. They 
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are found in the creek and river beds, along the banks of the 
streams, underlying the rich soils of the valleys, on the uplands and 
divides, and finally on top of the highest hills in the country. 

Geographically they extend from north to south, from east to 
west, not over all the surface, but so extensively that one may not be 
at all surprised to find them at any particular place. They are 
found in great abundance at the northern edge of Ottawa, and 
almost all along the Atchison, Topeka & Santa Fe railroad from that 
point to beyond Independence. They are abundant on both sides 
the Neosho river from its source to its point of leaving the state, 
and are much more abundant along the Cottonwood river. The 
court-house at Cottonwood Falls stands on a hill covered with 
gravel to the deptli of 10 feet or more, and they abound for miles in 
every direction. The most extensive deposits of gravel anywhere 
in the state are found in the famous Flint Hills area lying between 
the Walnut and Verdigris rivers near the south line of the state. 
Masses of flint varying from 2 to 3 feet in diameter to those of 
small size are so abundant that the name is generally considered to 
have been well cliosen. Gravel in greater or less abundance is 
found on the surface all the way from the Cottonwood river, which 
determines the northern extension of the Flint Hills as the term is 
usually applied, to far beyond the Kansas river to the north. 
Cursory examinations made from time to time during the past 15 
years indicate that similar gravel deposits are found to the south 
in the Indian Territory and to tlie east in Missouri, occupying indis- 
criminately the surfaces of Coal Measures and Mississi})pian for- 
mations. The character of the gravel is largely the same all over 
the areas mentioned, and the modes of occurrence cannot be dis- 
criminated. 

PREVIOUSLY EXPRESSED VIEWS. 

Kuch interesting formations as these gravels constitute have 
naturally attracted the attention of dilTerent geologists at various 
times. One result is that quite a literature has accumulated on the 
subject, in which one can find many different views on the origin of 
the gravel and mode of formation of the beds. Without attempt- 
ing to give an exhaustive review of such literature, a few references 
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to various articles on the subject may be of interest in this connec- 
tion. In 1874 Prof. G. C. Broadhead, in describing the surface 
deposits of Jasper county, Missouri, wrote as follows:* "The 
material overlying the solid rocks may be referred to local agencies. 
Solid beds of rock often appear on high ground, and can always be 
reached within a few feet of the surface. The soil and subsoil, both 
combined, are not often over 2 feet deep, with downward succes- 
sions of red clay and gravel for from 4 to 8 feet, to solid rock. 
The gravel is even sometimes at the surface, and often within a 
foot depth. A similar succession of loose material is also commonly 
found at the lead mines. The banks of the streams, also, are 
similar, of which Center creek exhibits: 

No. 1. — 1| feet dark soil. 

No. 2. — 2 feet red clay. 

No. 3. — 3 feet gravel bed to the w^ater in creek. 

"On the prairie two miles to the southwest of Carthage exca- 
vations show water-worn chert pebbles at the surface. At the old 
mines in section 33, four miles southeast of Carthage, similar pebbles 
were observed. These were found GO to 70 feet above Spring 
river or Center creek; so it is quite evident that no recent agency 
could have deposited them there. They must therefore belong to 
the Drift, about its southern limit, but born by currents from some 
place near by." ' 

In speaking of the surface deposits in Vernon county, he writes:t 

"Undoubtedly this country has been subjected to glacial agency 
at some former period of time. Its results may be seen in the 
isolated mounds and deep valleys between. The amount of erosion 
must have been of great force and of long continuance, if we view the 
mounds and long stretches of distance from one to the other. No drift 
pebbles were seen on high ground, but some wells exposed rounded 
gravel and sand. Near Nevada, I heard of a gravel bed containing 
logs, etc., in a well 16 feet below the surface." 

Similarly when describing Bates county Professor Broadhead 
says:t 

* Missouri G^L Sur. Rep., 1873-*74. p. 179. 
t Missouri Ck>ol. Sur. Rep., 1873-'74, p. 121. 
X lb., p. 156. 
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**That this county has been at some former time subject to ex- 
treme denudations is evident from the isolated mounds often seen. 
Their summits are probably of the same elevation as the higher 
ridges in the eastern part of the county. There has been a scour- 
ing from north to south, leaving isolated mounds protected from 
destruction by capi>ings of limestone. The force of the glacial 
action which has caused this has been such as to bear away all 
drift pebbles from the surface excepting when on the higher 
grounds. On the mounds east of Pleasant Gap are often seen quan- 
tities of rounded gravel, mostly silicious. The banks of Camp creek 
have exposed at one plac(» a bed of similar gravel with sand. At 
Burnett's ferry the banks of the Osage show: 

No. 1.— Soil. 

No. 2. — 12 feet brown saudv da v. 

No. 3. — 10 feet blue clav. 

No. 4. — l^(»d of rounded silicious gravel.'' 

Later l^rofessor Broadhead refcnred to the surface gravels of 
Kansas in different articles published in the Kansas City Review,* 
in which he gives a good description of their geographic positions, 
emphasizing the fact that they so often occur on the highest hill- 
tops. He refers the age of the gravel to the Coal Measures, but 
that of the gravel beds to the **Later Glacial." It will thus be seen 
that Professor Broadhead, whos(? observations have been very ex- 
tensive, attributes the origin of the gravel to the local formations 
for both the Missouri deposits, and the origin of the beds or layers 
to the later glacial action. In this resi)ect his views are similar to 
those of St. John, as is shown by the following quotations:! "To the 
latter [the modified driftj belong the ordinary superficial deposits 
spread over the southeastern portion of the state, among which no 
vestige of true glacial erratics . . . have been detected, whose 
accumulation wju^ due to the denudation and disintegration of the 
limestone, sandstone and shaly deposits occurring in the region 
where they (exclusively constitute the evidences of the action of pow- 
erful denuding agenci<»s, which may, with much reason, be identified 
with the Champlain epoch.'' 

* Kansas City Review of Science and Industry, vol. 3, p. 460, and vol. 8, p. 45:). 
t Report Kansas St. Bd. Agr.. lsHl-'82, p. 598. 
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In a later publication he writes:* "In regard to the chert gravel 
from the Neosho valley near Burlington, Kas., it is perfectly safe to 
say it comes from the chert beds overlying the heavy building lime- 
stone series, well up in the Upper Coal Measure series. ... It 
may not be strictly a ^glacial' gravel, although these particular de- 
posits might well have in part been the result of glacial agencies; 
but they are to be regarded as of local origin, as we can distinctly 
trace them to their native ledges only a few miles to the west or 
northwest of their present position in the gravel deposits. . . ." 
From fossils contained in the gravel, St. John decides they are 
identical in age with the Coal Measure rocks, many of which con- 
tain large amounts of chert. 

Professor Mudge, who was so familiar with Kansas geology, 
visited the Burlington gravel beds in 1871 and expressed the opin- 
ion, according to Parker,t that they were the result of "modified 
drift,'' whatever that may mean. 

The gravel beds in the vicinity of Burlington years ago attracted 
considerable attention, and an effort was made to introduce the 
gravels for paving streets, walks, etc. In this connection Prof. J. 
D. Parker published a number of articles giving descriptions of 
the character and extent of the deposits. He also sent samples to 
different scientists and civil engineers, thereby hoping to gain infor- 
mation regarding their age, mode of formation, economic impor- 
tance, etc. Prof. C. F. Chandler, of the Columbia College School of 
Mines, wrote that the character of the gravels was such that they 
would do excellently for macadamizing. Different physicians 
recommended their use from sanitary standpoints, their color being 
preferable to that of limestone, which reflects the sunlight to 
so great an extent that it is objectionable for street-paving purposes. 
City engineers advised their use for street paving on account of 
their great durability, so that it looked for a time as though an indus- 
try of considerable proportions might spring into existence. Prof. 
C. A. Shaeffer, of Cornell University, now president of Iowa State 
University, to whom samples were sent, reported the character of the 
pebbles, as already given, and added that he had succeeded in identi- 

* Private letter to Prof. J. D. Parker publiijhed in Kansas City Review, toL 8, p. :i86, 1384. 
fib., p. 386. 
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fying included fossils as belonging to the two genera Fenestella and 
Tretnatopora. From this fact he decided that the gravel belonged 
to the Silurian period. But as these genera extend from the Si- 
lurian to the Coal Measures their existence bv no means is at vari- 
ance with the views of others who refer the gravel to the Coa) 
Measures. 

In 1884 Judge K. P. West read a paper before the Kansas Acad- 
emy of Science* entitled, '*The Last Submergence and Emergence 
of Soulhejistern Kansas from the Carboniferous Seas, or those Ef- 
fecting the Carboniferous Formations in Kansas," in which he at- 
tributed the present topograpliy of the eastern part of the state to 
the relatively modern submergence below the sea level, during which 
time, he thouglit, tlie valleys were eroded, the terraces formed, 
and the gravel beds i)roduced. Tn this paper he was unable tt) fix a 
date for either the beginning or ending of the submergence, but 
subsequentlyt he decided tliat the period was the same as that 
portion of the glacial period during which the Loess was deposited 
along the Missouri river, and that the submergence involved nearly 
all of Kansas and parts of Nebraska, Iowa, Missouri, Illinois, Arkan- 
sas, Louisiana, Indian Territory, and Texas. He admits, however, 
that no trace of marine deposits has been found over this vast 
territory, and seems to rely wliolly upon the extent of erosion, and 
the gravel and otlier surface deposits for the evidence of such a 
wide-spread submergence. How well this accords with the gtoerally 
accepted views of erosion the n^ader can judge. 

RESULTS OF PRESENT INVESTIGATIONS. 

It will be seen from the foregoing that the prevailing opinion 
has been that the gravels themselves originated in the Coal Measure 
limestone, and that the accumulation of the beds was in some way 
connected with the glacial period, probably with the heavy floods 
produced by melting ice. 

Our labors the past three summers have demonstrated a few 
points which may have an important bearing on the subject. First, 

* Published in Kansas City Review, vol. 8, p. 477, and also in Trans. Kas. Acad. Sci., vol. 9, 

p. loe. 

t Kansas City Review, vol. 8, p. 566. 
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we have become convinced that chert has such a wide-spread distri- 
bution in the different limestone systems of the state that trans- 
portation has been necessary in but few instances, possibly in none. 
Could the liitiestones as now seen be dissolved in a day, the amount 
of chert left behind would be surprisingly great. Scarcely a single 
system has been studied carefully whi(;h did not contain surprisingly 
large amounts of it. The lead-bearing limestone of Galena has suf- 
ficient chert to produce beds of gravel a fourth as thick as the 
limestone system. The Erie limestone is particularly filled with 
chert, as may readily be seen wherever it is exposed. Along the 
west bank of the Neosho river for a few miles below Austin is 
a splendid place to make such observations. Chert nodules of 
many shapes and sizes are here to be seen in great abundance. 
They are uniformly filled with seams, which in position are entirely 
independent of the fissures in the inclosing limestone. When they 
weather out of the limestone they fall into many fragments, corre- 
sponding in size very well with the gravel near by. The middle 
system of the three carries the largest quantities of chert, as Bennett 
has descriibed in chapter IV. The whole surface of the country 
where this system is exposed is almost completely covered with 
gravel, some of which on the prairies east of Porter vale a few miles 
are large boulders measuring in extreme cases 8 feet or more across. 
It is a conservative estimate to place the amount of chert in tliis one 
system at a quantity sufficiently great to make a gravel bed fully 
12 inches thick over the whole surface now covered by the limestone, 
provided it could be freed from the matrix all at once. The upper 
member of the Oread limestone likewise has large quantities of 
chert within it, and the surface gravel, as noted, is correspondingly 
great over areas from which the limestone has been eroded. Passing 
westward, the next limestone system particularly noted for the flint 
it carries is a heavy system first observed along the Cottonwood 
river — as shown in plate III — capping the hills about two miles 
west of Strong City. It lies about 150 feet above the Cottonwood 
Falls limestone, and constitutes a system reaching from 25 to 30 
feet in thickness. Flint masses are remarkably abundant in the 
limestone, so much so that in different localities it constitutes 
from a fourth to a third of the entire mass. A quarry is opened at 
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this place and the rocks crushed for ballast along the Atchison, 
Topeka & Santa F6 railway, thousands of car-loads of material 
being used in this way. Above this about 200 feet another heavy 
limestone is found which likewise carries immense quantities of 
flint. It is quarried at Florence and portions of it crushed for bal- 
last the siune as at Strong City. To the north of the Cottonwood 
river the same two systems extend' all the way to Junction City and 
probably much farther. Througliout the whole of this area the 
surface is everywhere covered with gravel deposits of varying 
amounts. Southward from tlie Cottonwood river area the two lime- 
stone systems extend into the Flint Hills region, and unmistakably 
have furnished the greater i)ortion of the flint so abundant in that 
locality. 

It may be stated that not a single limestone system of any con- 
siderables importance has been found in the whole of the Coal Meas- 
ures which did not carry a perceptible amount of flint. Those just 
enumerated are the ones which have it in the greatest degree. 

In the second phue it lias been observed that the gravel usually 
is most abundant in the vicinity of a limestone system rich in chert, or 
in places over which such limestone probably extended. The gravels 
about Oswego occupy space undoubtedly covered at one time by the 
Erie limestone; those so abundant about Cottonwood Falls lie 
under the earlier extension of the system just described, which car- 
ries so much chert. On the other hand, the area where the surface 
is most nearly barren of gravel are always areas farthest removed 
from chert-bearing limestones. Of these the Cherokee shales area 
in Cherokee and Crawford counties is the most prominent, for 
no other area equal in extent has been observed which is so entirely 
free from gravel. 

In the third place, we found that many of the rounded surfaces 
possessed by the gravel an? the original curved forms the cherts 
possessed while in their limestone hosts. This is particularly 
noticeable at Cottonwood Falls. Countless numbers of these have 
unmistakably such rounded forms. Some were found with traces of 
the limestone still adhering, others with the curved surfaces still 
possessing the rough character the chert surfaces have while in 
the limestone, and which in no particular resemble water-worn sur- 
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faces. The angular parts of the chert often have been worn little 
more than one would expect to observe on chert maaseB which had 
been subject to the weathering agents for long geological periods 
with such slight movements as might well be attributed to local 
causes. 

It may well be argued, however, that ordinarily the gravels have 
been transported but a short distance if at all. Wherever they are 
found there is always an intimate mixture of the large and the small, 
sometimes with variations from half an inch to 10 or 12 inches in 
diameter. This alone is sufficient to show that they have never been 
subjected to the sorting power of water; for sand and gravel which 
have been transported by water are always more or less graded 
into relatively uniform-sized grains in any given locality. 

It seems very probable, therefore, that in most instances the sur- 
face gravels of eastern Kansas have been derived from the native 
limestone systems, and that they are the direct results of the weath- 
ering of those limestones which, when dissolved and carried away 
by solvents, have left behind the less soluble chert. The chert 
boulders of such varied sizes and shapes fell into fragments on 
account of the numerous fissures everywhere prevalent, and the 
gravel was the result. As terrain after terrain yielded to the slow 
but sure processes of disintegration and destruction the insoluble 
chert formed residual products which gradually settled to the lowest 
level possible, which may have been the summit of a hill, or the bed 
of a river, or any intermediate position. Here and there the rolling 
down the hillside, the being moved by water in times of floods, the 
abrasive elTects of moving soil and sand produced by wind or 
water, rounded the edges •4jind blunted the sharp angles, in some 
places more than in otheros. Similarly the gravel has accumulated, 
now in broad, even layers, then in windrow-like masses formed by 
irregular surfaces and unequal amounts of the chert in the lime- 
stone. If there ever was a period during which Kansas was flooded 
by water from the melting glaciers such waters of course would 
assist in working over and arranging the gravel into beds. But it 
can hardly be argued that the gravel beds of themselves predicate 
the former existence of such water in Kansas territory. 

This view is believed to be in harmony with the generally accepted 
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views of leading geologists regarding the origin of many other forma- 
tions of similar character. Surface gravels are present in many 
different parts of the world. They cover the highest hilltops of our 
great mountain systems and fill the deepest valleys. Altitude seems 
to have no effect upon them. They were perplexing in the extreme 
until geologists began to look upon them as being only residual 
products left behind when the more perishable materials passed 
away. 



CHAPTER XIV. 



THE COAL BIEASURE SOILS .« (PreUminary.) 

BY ERASMUS HAWORTH. 



General Principles. Elansas Soils. 

Glacial Soils. Soil Fertilization. 

Investigations Inaugurated by this Survey. 



GENERAL PRINCIPLES. 

A preliminary discussion of the Coal Measure soils is added to the 
body of the Report with the hope that the statement of a few funda- 
mental principles of soil production, and consequently soil composi- 
tion, may be of value, and at the same time serve as a guide for 
further observations. 

Hoils are formed from rocks, by both mechanical and chemical 
disintegration. The former alone is not suflBcient, for it fails to 
render the essential components of the soil soluble. The latter 
rarely if ever occurs without being accompanied by the former, and 
perhaps could not occur to a considerable extent without being 
associated with it. We may select a rock sample which the chemist 
finds to contain all the elements present in the best of soils, ex- 
cepting organic matter, and may grind it to a fine powder; but it is 
not a soil, for it will not sustain vegetation unless further changed. 
The plant can only use the mineral matters of the soil after they 
have been rendered soluble, and this can only be accomplished 
by chemical disintegration. This latter process is brought about 
in nature principally through the agencies of moisture and the at- 
moHphere. If a mass of rock is kept in contact with the air, but 

*ThiH clinptor doulM principally with a statement of methods proposed for future ozamina- 
tiitiisuf soilri, and the Mciontific basis upon which such methods depend. Little work has yet 
ixHtn done in soil examination. 
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perfectly dry, it will not deeay or disintegrate chemically to any 
considerable extent. Likewise, if it be kept moist, but have all 
air excluded from it, chemical ehanjjje will take place very slowly, 
if at all. But if the rock is kept constantly moist, and at the same 
time is continually bathed by the atmosphere, decay will progress 
at the maximum rate. Now the rain-waters passing through the 
air dissolve portions of it and carry the dissolved parts downwards 
until they are all consumed by uniting with rock constituents, which 
in turn are carried through process(»s of decay. It is those por- 
tions n<*ar the surface, therefore*, that decay the most rapidly, and 
hence soils are produced at and near the surface rather than at 
greater depths. 

Tin* intjuence of dc^caying v(»getation, also, is very great. Decay- 
ing plant or animal matter assists chemical action, so that when such 
is intimately mixed with soils it greatly accelerates chemical 
changes. But this furnishes more available food for the growing 
plants, which in turn supply a larger amount of orgajiic matter to 
decay the following season. Thus the two processes mutually assist 
each other, and if nt^ither is checked bv artilicial or natural means 
the depth and richness of the soil will continuously increase. But 
if the earthv matter is nMuoved bv drainage as fast as it is ren- 
dered soluble, as t(»nds to be the case in hilly countries, or if the vege- 
tation is removcMl as fast as grown, as is sometimes the case in cer- 
tain lines of agricultuns depth and richness of the soil cannot be 
greatly increas(Ml. There is no good reason, therefore, why a soil 
should ever becoine exhausted. If the chemical dcM'ay can be made 
to keep pace with the carrying away of the products rendered 
soluble, a soil will remain as good as new so long as there is anything 
below to be decayed. It is a well-known fact that in many parts of 
the world the same* piece of ground has been cultivated for more 
than a thousand years and is to day as rich and productive as at 
any time in its history. We may impoverish a soil by taking aiway 
in any manner whatever th<» portions rendered soluble* by chem- 
ical change* more rapidly than new soluble* e*e>mpe)unds are produced, 
or we may enrich a se)il by allowing it to retain a portie)n of the 
soluble* parts while new ones are being formed. It is similar to 

17 
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one's bank account. Anything which retards the drawing out, 
or which increases the rate of deposits, will increase the cash value 
of the deposit. 

lint bv the processes mentioned above no soluble product can be 
produced in the soil the essential constituents of which were not 
originally in the rocks whose decay produced the soils. If rocks 
differ in their chemical properties soils produced from them will 
likewise differ in richness. If a given rock system does not contain 
the essential constituents of a good soil, no amount of decay of any 
kind can add them to the soil. The study of soils, therefore, becomes 
partially a study of the nature of the rocks which have produced 
them, and as such is strictly a geologic study. In nature we 
often find ditferent rock systems placed one above another in such a 
way that on the high uplands the soil over a considerable area has 
been formed almost entirely from the topmost rock system, while 
along the bluffs and precipices the decayed products from two or 
more systems are falling to the valley below, adding a greater 
variety of luaterials, and hence increasing the possibilities for. the 
production of a rich soil. In times of freshets and overflows the 
soils of vallevs are often carried down stream manv mil(»s or even 
hundreds of miles by our large rivers and deposited along the 
banks and over the valley lands, thereby greatly increasing the 
possibility of mixing the proi)er constituents for a rich soil. These 
are the main conditions which cause the soils in *^bottom'' lands 
to be richer and better than tlie soils on uplands. 

The depth of a soil also has much to do with its productiveness. 
This may be illustrated in the following manner: Place 10 pounds of 
good, rich soil in one box and 100 pounds of the same soil in a larger 
box. We will suppose that 1 per cent, of the soil is soluble. Plant seed 
of any kind in e.ach box. When the crop has grown sulliciently 
to absorb a tenth of a pound from the small box it must cease 
growing, unless something can be done to give it more mineral 
food, while the crop in the large box can continue to grow ten times 
as long, or can grow ten times as fast. As our crops are grown on 
the farm they never exhaust the soluble mineral matter in a season. 
If the soil is shallow^ however, they carry it close to exhaustion 
every season ; but if it is 5 or 10 times as deep it will have such vastly 
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greater quantities of available plant-food that it will remain a rich 
soil much longer, and never will become exhausted if properly 
treated. The glacial soils of our northern states, and many other 
soils of similar depth, are usually spoken of as inexhaustible, and 
in fact they are if only properly treated. Many soils in America 
and other parts of the world are so new, that is, such small portions 
of the rocks have? been deceived to form them, that thev are verv 
shallow, and consequently, like the soil in the small box, have their 
soluble material removed by cultivation so much more rapidly than 
new soluble products can be formed, that they soon become almost 
entirely imj)Overished. 

GLACIAL SOILS. 

Tn many parts of the world another agent has been instrumental 
in mingling the soils from ditr(»rcut rocks and thereby increasing 
their possibilities for richness. I refer to the action of the* glaciers 
during glacial times. Tt so happened that for long geologic ages 
certain portions of the American continent in the Great I^akes 
districts, and further north in Canada, W(M'c exposed to the weather- 
ing agents and sullrred d(M*ay to unusually great depths. When 
th(» great masses of ice moved southward during the glacial p(»riod 
they scraped before them this loose mass and s])read it out over the 
northern states, tliereby giving tliem a coating of soil which was 
not formed bv the decav of the rocks within their borders, ?^uch 
soils, in general, an* remarkably similar, ev(*n though they may 
be widely separated at present. They are similar not becaust* they 
have all been transport(»d by a mass of icre, but because they were 
originally formed from similar rock masses. 

KANSAS SOILS. 

For conv(*nience we may refer to soils produced from rocks in 
the same vicinity where they now c^xist as iniH(jcnons soils, and to 
those which have been transported from other localities, such as 
the glacrial soils, and many soils along our river valleys, as exotic 
soils. The Coal Measures of Kansas furnish examples of both 
kinds. The northeast part of the state, including nearly all the 
c<iunties north of the Kansas river and east of the Blue, is princi- 
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one's bank account. Anything which retards the drawing out, 
or which increases the rate of deposits, will increase the cash value 
of the deposit. 

But bv the processes mentioned above no soluble product can be 
produced in the soil the essential constituents of which were not 
originally in the rocks whose decay produced the soils. If rocks 
differ in their chemical properties soils produced from them will 
likewise differ in richness. If a given rock system does not contain 
the essential constituents of a good soil, no amount of decay of any 
kind can add them to the soil. The study of soils, therefore, becomes 
partially a study of the nature of the rocks which have produced 
them, and as such is strictly a geologic study. In nature we 
often find ditTerent rock systems placed one above another in such a 
way that on the high uplands the soil over a considerable area has 
been formed almost entirely from the topmost rock system, wiiile 
along the bluffs and precii)ices the decayed products from two or 
more systems are falling to the valley below% adding a greater 
variety of materials, and hence increasing the possibilities for. the 
production of a rich soil. In times of freshets and overflows the 
soils of valleys are often cariied down stream many miles or even 
hundreds of miles by our large rivers and deposited along the 
banks and over the valley lands, thereby greatly increasing the 
possibility of mixing the proper constituents for a rich soil. These 
are the main conditions which cause the soils in ^'bottom'' lands 
to be richer and better than the soils on uplands. 

The depth of a soil also has much to do with its productiveness. 
This may be illustrated in the following manner: Place 10 pounds of 
good, rich soil in one box and TOO pounds of the same soil in a larger 
box. We will supi)ose that 1 per cent, of the soil is soluble. Plant seed 
of any kind in each box. AVhc^n the crop has grown sul^ciently 
to absorb a tenth of a pound from the small box it must cease 
growing, unless something can be done to give it more mineral 
food, while the crop in the large box can continue to grow ten times 
as long, or can grow ten times as fast. As our crops are grown on 
the farm they never exhaust the soluble mineral matter in a season. 
If the soil is shallow^ however, they carry it close to exhaustion 
every season; but if it is 5 or 10 times as deep it will have such vastly 
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greater quantities of available plant-food that it will remain a rich 
soil much longer, and never will become exhausted if properly 
treated. The glacial soils of our northern states, and many other 
soils of similar depth, are usually spoken of as inexhaustible, and 
in fact they are if only properly treated. Many soils in America 
and other parts of the world are so new, that is, such small portions 
of the rocks have been decaved to form them, that thev are very 
shallow, and consequently, like the soil in the small box, have their 
soluble material remov(Hl by cultivation so much more rapidly than 
new soluble products can b(» form<Hl, that they soon become almost 
entirely impoverished. 

GLACIAL SOILS. 

Tn many i)arts of the* world another agent has been instrumental 
in mingling the soils from dillc^rent rocks and thereby increasing 
their possibilities for richness. T refer to the action of the* glaciers 
during glacial times. It so hai)pened that for long geologic ages 
c(*rtain portions of the American contincMit in the Great Lakes 
districts, and further north in Canada, were exposed to the weather- 
ing agents and sulfered de<'ay lo unusually great depths. When 
the great mass(\s of ic(» mov(Ml southward during the glacial period 
they scraped before tluMii this loose mass and s])read it out over the 
northern states, then^by giving tliem a coating of soil which was 
not formed by the decav of the rocks within their borders. Such 
soils, in general, are remarkably similar, evi^i tliough they may 
be widely s(»parat<*d at pr(»sent. They are similar not because they 
have all been transported by a mass of ice, but because they were 
originally formed from similar rock masses. 

KANSAS SOILS. 

For convenience we may ref(*r to soils i)roduced from rocks in 
the same vicinity where they now exist as indigenous soils, and to 
those which have been transported from other localities, such as 
the glacial soils, and many soils along our river valleys, as exotic 
soils. The Coal Pleasures of Kansas furnish examples of both 
kinds. The northeast part of the state, including nearly all the 
(Miunties north of the Kansas river and east of the IMue, is princi- 
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pally covered with the exotic glacial soils, while the greater portion 
of the remainder of the Coal Measures is covered with indigenous 
soils. On the uplands near the Kansas river to the north the gla- 
cial soils are thin, and in some places entirely wanting. But to 
the northward they increase in thickness until in the northern tier 
of counties they usually are so deep that the stratified rocks of the 
country are rarelv visible. Such soils are almost identical with the 
soils in northern Missouri, southern Iowa, and southeastern Ne- 
braska. The general asi)ect of the country in the corners of these 
four states is remarkably similar, and, very naturally, the farmers 
haye apparently accidently followed almost precisely the same 
course in agriculture and stock-raising. Visit the. localities men- 
tioned ;ind one cannot tell by the surface appearances, nor by the 
crops and stock on the farms, which one of the four states one is in. 

South of the Kansas river we have indigenous soils; that is, soils 
produced by the disintegration of the rocks underlying them. They 
are, therefore, almost entirely dependent for their chemical composi- 
tion upon the character of the rocks from which they have been de- 
rived. In the preceding chapters of this Keport it has been shown 
that the rocks are of three classes, limestones, sandstones, and 
shales, with the latter greatly predominating in amount. These 
three kinds of rocks are associatcnl in such a manner, one above 
another, that the limestones form great shelves, sometimes 200 or 
*MH) feet apart, with the sandstones and shales lying between them. 
The latter two often grade into each other, but the former nirely 
changes into the latter. All of these formations dip slightly to the 
west, or northwest, while the surface rises in that direction. 
The surface is thcM-efore composed of a series of zones, or belts, 
ap[)r()ximating parallelism, trending north and south, or more ex- 
actly, a little northeast and southwest, each zone representing the 
soil produced from one shelf of rock, while its neighbors west and 
east ecpially represent zones of soil produced from the shelves lirst 
above and first below rc^spectively. 

A glance at the accompanying geologic ma[>, and the various sec- 
tions, will make this matter plain. In the southeast part of the state 
we have the heavy bed of the Cherokee shales. Their great thickness 
and the slight rise in the surface to the northwest combined cause 
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them to occupy a belt of surface over 20 miles wide, and reaching; 
from a hundred miles or more in Missouri to an equal distance into 
the Indian Territory. Ov(*r this territory the soil is almost ex- 
clusively produced from the Cherokee shales, and all of its charac- 
ters correspond. It is lijjht in color, and very fine in texture, so 
that in dry weather it breaks up into an exceedingly fine dust along 
the roads and in the cultivated fields. Such soils are usually 
spoken of as "ashy'' soils, and the name is excellently chosi^n, at least 
so far as color and texture arc* concerncMl. In places where the 
sandstone is abundant its disintegration has greatly affected the 
ap[>earanci» of the soil by yiehling so much sand to be mixed with it. 
The apparent eflect, how(»ver, is much great(»r than the real; for 
the sand grains arc* practically insoluble, and therefore the avail- 
able ])lant-food nearly all comes from the decom[K)sed shale material 
mixed with the s;ind. 

» 

To the wc^st of tliis zone we have a lim(»stoni» area, the* Oswego 
limestone, and a soil dei)endent u})on a mixture of products from 
the limestone and th(» shales. As was shown in chapter X, while 
discussing the topograjdiy, here and all over the Ooal Measure area, 
the linu^stone sli(»lves are broken through in many places and deep 
valleys cut into the underlying shales, heaving hills, blulTs and 
mcninds with i1h» lim(»stone still covering their summits. It is 
wonderful the intluence the limestones have* upon the soils. As one 
travels noithwestwai'd from the Cherokee shale belt one can tell 
almost to the rod, certainly to the half mile, when one comes in con- 
tact with a soil partially produced from a limestone. The color is 
changed from t\w ashy gray to a black, or to an iron-rusty red, 
usually the blaik. T\w texturt* is changed from the fine, dusty, 
to a coarser granular. In wcM weather it do(»s not seem to be so 
plaintic and impervious to wat(*r, while in dry weather it is not 
usuallv so hard and cloddv. 

It is quite evident, tlierefore, that the two soils are dissimilar 
in essential jiroperties, and in their study should be kept separate. 
We may pass ahmg either zime nmny miles in the direction of their 
trend, without finding any apparent change, while near the borders 
a mile or two in a transverse direction will make the change com- 
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plete. These two examples will illustrate the indigenous soils 
of the Coal Measure shales. In many places the limestone systems 
are thin and close together, so that their products of decay mingle 
freely with the soils produced from the shales over large areas. 
But wherever we have thick shale beds, as the Cherokee shales, the 
IMeasanton shales, the Lane shales, etc., we have the characteristic 
ashy gray soils. 

From these considerations it will be readily seen that any exami- 
nation or classitication of our Kansas soils should be based upon 
geologic conditions and the geographic distribution of the different 
geologic formations which produce the dilTerent kinds of soils. 

It may now be well to consider the origin and nature of the shales 
from which so large a proportion of our soils are derived, for such an 
understanding is essential to an intelligent knowledge of the soils. 
They have been formed under water, usually salt water, particu- 
larly the Kansas shales, as has already been shown in chapter IX, 
from the liner sediments — the mud — carried to the ocean from the 
dry-land areas. Along with the silt a considerable amount of sand 
was brought down, and was also deposited in broad, flat layers under 
the water. But as the sand was coarser and heavier than the silt 
it would not be carried as far oceanward as the latter. Hence 
there would be a partial separation of the two, each being deposited 
in i)art by itself, but in part with the other. The silt doubtless 
originally was a soil, or a portion of rock at least partially disin- 
tegrated into a soil. During the transportation all soluble products 
would be dissolved by the carrying waters, and therefore would not 
be deposited with the silt, or mud. So long as the shale material 
remaiiied under the water it was deprived of the influence of the 
air, and therefore, chemical disintegration could not occur to pro- 
duce more soluble matter. When in the course of time the move- 
ments of the earth again brought the shale-forming material above 
ocean water and left it in the position it now occupies it consisted of 
a mass of finely divided matter which was void of soluble com- 
pounds, and hence of available plant-food. But after it was lifted 
into dry land it would still have the air excluded, excepting those 
portions near the surface. 

During all of this period whatever changes may have occurred 
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within tin* mass were formative, rather than destructive. They 
have been alonji: the line of a rearranjrement of tlie chemical 
constituents producing stable, insoluble compounds, rather than 
unstable, soluble ones. I^^eentl v many of the fresh shales have been 
carefully examined with the microscope. Th(\v have invariably 
been found to consist of well-crystallized [)ar tides which chemically 
seem to be very stable. But on account of the softness of the shales 
and the fineness of the particles th(\v weather rapidly, producing 
masses of earth which nuM-hanically are well disintej^rated, but 
which chemically an* relativ(*ly fresh. That is the character of large 
portions of the soils produccnl from shales. They are plastic, like 
clay, in fact are principally clay. Th(*ir jdasticity makes them 
run together into compact masses. Water will not soak through 
them r(*adilv, and when tiiev drv thev become hard and cloddv. 
8uch materials an* usually called *'hard-])an," or **gumbo,'' and in- 
variably can be found all over the world when* soils are larg(*ly pro- 
duced from shal(*s, or when* the meclianical disintegration has 
greatly outstrip])ed the chemical. One usually has to dig (mly from 
8 to 12 inches in such soils to find the yellow clay, or hard-pan. 

SOIL FERTILIZATION. 

From the ex j)la nations given in tiie ]u*(»ceding pages, tlu* reader 
has already anticij>ated that soil f<*rtilizati<m c*onsists in increasing 
the amount of available plant-food within the soil, or the available 
soluble matter. This may be done in two ways: First, by the proc- 
ess nature originally uses in the formation of soils — that is, by the 
chemical disint(*gration of nuiterials already ])resent; and second, 
by the addition of one or mon* <*lements to the soil. If the agricul- 
turist does either of th(*se h(* is fertilizing his soil, enriching it, 
making it produce larger (juantities and better (jualities of ])lant 
tissue, of farm pro<lucts. We will consider the two methods of fer- 
tilization separat(*ly, and in the order mentioned. 

If the mass analysis of any soil shows that it has present, and in 
about the proper proportion, all the constituents desirable as plant- 
food, it will only be necessary to cause the chemical disintegration to 
keep pace with the sum total of the wastes of soluble matter in order 
to maintain the soil in the same degree of richness it originally 
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had; and should the rate of chemical decay surpass the rate of total 
loss of soluble matter, the soil will continuously grow richer. 
Starting with such a soil, there is no excuse for allowing it to become 
worn out or exhausted within a thousand years. We must increase 
the chemical decay Jind decrease the loss. Of the various possible 
methods of obtaining the former, proper cultivation is one of the 
best. Stirring the soil helps to bring the air in contact with it, and 
to make it most susceptible to the influences of the frosts of winter 
and the warm sunshine of si)ring and summer. The freezing in 
winter causes the wiiole surface to become open and porous, 
which in turn admits the air and the spring showers, all of which is 
very desirable b(H-ause beneficial. Decaying organic matter also 
is an active agent in hasttming chemical decay. The v(»getable 
fiber will readily decay under atmospheric agencies, producing a 
great variety of chemical compounds, usually expressed under the 
one term ^^humus."' Scmie of the compounds act chemically upon 
the little soil grains, producing new and soluble compounds from 
a portion or all of their constituents. If the organic matter is 
thoroughly mixed with the soil for several inches in depth it helps 
to make the soil loose and open, which as just stated, is a most effect- 
ive method of producing chemical decay. Decaying organic matter, 
therefore, benefits the soil in manv wavs entirelv outside of the ad- 
dition of tlie nutritious material it furnishes. In a similar manner 
the growth of plant roots is a great benefit. The roots render the soil 
with which they are immediately in contact soluble. This power of 
plant roots is so great that they will even decompose solid rook. 
The deeper into the earth the plants send their roots the better 
service th(\v perform, for thereby they carry this chemical disinte- 
gration much farther than otherwise would be possible; and when 
they finally die and decay the spaces they occupied are converted 
into innumerable little air-tubes which permit the relatively free 
circulation of air to dei>1hs which otherwise could not have been 
reached. This is the ])rincipal reason why the soils in our great 
forests are usually so rich. In their growth the mammoth trees 
have extracted vast quantities of mineral matter from the soil and 
have returned only a tithe of the same with their leaves which have 
annually fallen and decayed. Yet during this long period of their 
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terials, therefore, is to add nitrogenous-bearing organic matter to 
the soil, or to grow some of the crops just mentioned, so that the 
roots may decay within the soil. Clover is the most common plant 
grown for this purpose, and while it is gathering from the air a 
supply of nitrogen for (he soil its roots are also actively engaged in 
the decomposition of the soil materials. Clover is, therefore, aside 
from its value as a croj), one of the most beneficial plants that can 
be raised on a poor soil. Jiut in some localities of the state clover 
being raised on a poor soil. 

But in som<» localiti(»s of \\w state clover does not grow advan- 
tageously. This is particularly ivxw in soils produced from the 
great shale beds, especially from the Cherokee shales. If one 
travels across the countrv from northwest to the southeast, it 
will be noticed that clover-lields are abundant in all locali- 
ties where limestone soils exist. But no sooner are the light, 
ashy soils of the Cherokee shales reached than the clover-fields dis- 
appear. The boundary bet\v(*(»n the localities of clover-fields and 
no clover-fi(4ds is almost as sharp as that betwe<m the two kinds of 
soils, fnciuiry from scores of farmers on both sides the line 
elicited the fact that for some reason unknown to them the clover 
did well on one kind of soil and could scarcely be made to grow 
at all on the other. Inasmuch as practically we have the Siime kind 
of farmers on both sides of the line and the same meteorological con- 
ditions, we are forced to conclude that the cause for this great 
dilference is principally due to the diiference in the soils. In such 
cases something must ho done in some way to make the soil pro- 
duced from shales capable of sustaining heavy growths of clover 
before any beneficial results can be obtained by clover-growing. 
What treatment will be necessaiy is one of the problems this Survey 
will attempt to solve. 

iVrtificial fertilizers are both beneficial and dangerous when 
placed on soils. They are beneficial because, when intelligently 
applied, they greatly increase the productive powers of a soil. 
They are dangerous on account of the great possibilities for them 
to exerciwi an influence on the soil, either chemical or physical, 
which will interfere with the natural reproductive power soils 
normally possess, and thereby soon deprive the growing crops of 
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possess, or which it contains in too limited quantities. liefore ap- 
plying any such materials the rational mode of procedure would be 
to have mass analyses made of the soils in question to determine 
what materials it is necessary to have added from outside sources. 
If one or more essential plant foodstuffs is present in the soil, but 
not available because not soluble, economy would necessitate such 
treatment as would render them soluble. Hut with the soils pro- 
duced from rocks, as has been shown, and the different rock forma- 
tions being spread over such large parts of the surface, as has been 
shown to be the case for eastern Kansas, it is quite possible, in- 
deed probable, that a soil produced from one particular rock mass 
may be largely or wholly destitute of one or more elements de- 
sirable for plant-food. When this has been determined by the mass 
analysis of the soil, it will be an easy matter to add the particular 
constituent necessary. 

In the ordinary course of agriculture large quantities of veg- 
etable matter are removed from the fai'm every year, iind a corre- 
sponding amount of soluble matter, which is now stored up within 
the plant, is taken fronj the soil. The natural drainage of the soil 
also takes awav a considerable amount, and in hillv countries this 
becomes a very serious matter. Whenever such removal exceeds 
the rate of chemical decay the soil is correspondingly impoverished, 
and unless something can be done in some way to check the loss, or 
to accelerate the decay, it is only a question of-time when the soil 
becomes almost entirely unproductive. There may be, therefore, 
two fundamental reasons whv outside materials should be added to 
any given soil : one from its original absence, and the other from its 
artificial absence. In such eases the direct addition to the soil of 
such plant-foods- is desirable. They may be obtained from the com- 
mercial fertilizers, or fiom the common barn-vard manures. 

Throughout the above discussion no reference has been made to 
any plant-food which is essentially organic in its nature, yet soils 
of whatever character are practically worthless unless soluble 
nitrates are present in considerable quantity. It is now very well 
understood that these nitrates can be gathered into the soil through 
the agencies of the leguminous plants, such as the clovers, beans, 
peas, etc. The necessary treatment to obtain the nitrogenous ma- 
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terialK, therefore, is to add nitrojrenoiis-beariiig organic matter to 
the soil, or to grow some of the crojis just mentioned, so that the 
roots may decay within the soil. Clover is the most common plant 
grown for this pnr])Ose, and while it is gathering from the air a 
supply of nitrogen for the soil its roots are also actively engaged in 
the decom])Osition of the soil materials. Clover is, therefore, aside 
from its value as a crop, on(^ of tin* most beneficial plants that can 
be raised on a ])oor soil. f»iit in some localities of the state clover 
being raised on a [K)or soil. 

But in some localities of the state c1ov(t does not grow advan- 
tageously. This is ])articularly true in soils produced from the 
great shale biMls, especially from tin* Cherokee* shah»s. If one 
travels a<*ross the country from northwest to the southeast, it 
will be noticed that clovcr-tields are abundant in all locali- 
ties where lim(»slon(» soils exist. Ibit no sooner an* the light, 
ashy soils of the ( •herokee shales reached than the clover-lields dis- 
api)ear. The boundary betw<*(Mi the localities of clover-lields and 
no clover-ti(»lds is almost as shar]> as that between the two kinds of 
soils. Inquiry from scores of farmers on both sides the line 
elicited the fact that for souh* r(*ason unknown to them the clover 
did w(*ll on one kind of soil and could scarcely be made to grow 
at all on the other. Inasmuch as piactically we have the sjime kind 
of farmers on both sides of the line and the same meteorological con- 
ditions, we are forccMl to conclude that the cause for this great 
difference is principally due to the difference in the soils. In such 
cases something must be done in s(mu* way to make the soil pro- 
duced from shales ca])able of sustaining heavy growths of clover 
before any beneficial results can be obtained by clover-growing. 
What treatment will b(* necessary is one of the problems this Survey 
will attempt to solve. 

Artificial fertilizers are both beneficial and dangerous when 
placed on soils. They are beneficial because, when intelligently 
applied, they greatly increase the productive powers of a soil. 
They are dangerous cm account of the great possibilities for them 
to exercise? .an influence on the soil, either chemical or physical, 
which will interfere with the natural reproductive power soils 
normally possess, and thereby soon deprive the growing crops of 
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osseulial food supplies. If the fertilizer, or any solvent or vehicle 
it contains, should act in this way it might be used with success for 
a short time, but sooner or later with opposite results. It is re- 
liably reported that many of the farms in the older parts of America 
which have been treated with phosphate and potasli fertilizers for 
years are to-day inferior in productive capacity to others in the 
same locality which have not been fertilized so extensively. Any 
fertilizer which directly or indirectly increases the plasticity of the 
clay within the soil or subsoil greatly retards the normal chemical 
decay, and thus has an injurious effect on the soil. On the other 
liand, any fertilizer, artificial or natural, which decreases tlie plas- 
ticity of the clay will to that degree be beneficial independent of the 
supply of food matter. 

INVESTIGATIONS INAUGURATED BY THIS SURVEY. 

In beginning a series of investigations on the Kansas soils this 
Survey has taken up two lines of work: one, the getting of samples 
for laboratory examinations, and the other the application of various 
fertilizers to different kinds of soils. In the gathering of soil 
samples great care is taken to select localities that will furnish 
good representatives of the different kinds of soils viewe<l from the 
geologic standpoint. The soils produced from shales, from lime- 
stone, from sandstone, and the mixtures of two or more kinds, are 
gathered separately. This kind of work cannot progress far until 
the 8tratigrai)hic geology is pretty well worked up, and therefore 
must be largely deferred for some time. 

The laboratory investigations will be of two general classes, 
physical and chemical. Recent researches in America and Europe 
have emphasized the importance of a proper physical condition of 
soil in order that the best results may be obtained by cultivation. 
It is quite possible to have two soils practically identical chemically, 
but different physically, and with reference to productiveness. The 
examination of the physical properties of soils will therefore be 
nmde an important branch of the laboratory investigations. The 
chemical work will be done by the chemical department, and will 
consist of ultimate and proximate analyses, and a determination 
of the amount and kinds of soluble matter. In this way it is hoped 
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to be able to determine the presence or absence of the most im- 
portant plant foodstuffs, so that an intellij^ent idea can be had of 
the materials necessary to bo added to the different soils in the wav 
of fertilizers. 

The experiments on the effect of different fertilizers on different 
soils and for different crops are intended to su])])lement the labora- 
tory invesripitions. The plan of operation is to su])ply materials to 
reliable farmers in different parts of the country, chosen with ref- 
ennco to the dillerent kinds of soils on their farms, and the dif- 
ferent kinds of cro]>s raised. It is quit(» probable that both lime and 
gypsum, or land plaster, will be (juite beneficial to all of our soils 
produccHl from shales. Such materials will be extensively tried 
on a *rreat variety of soils, and for different kinds of crops. Aninuil 
fertilizers from the* larj?(» packing-houses will also be tried, as will 
salt and other markeiabh^ products. Associated with some of the 
extensive salt beds in KurojK*, ]>articularly at Stassfurt, are vast 
deposits of potash salts. TIk^sc* are hijjhly prized the world over 
as fertiliz(»rs for soils poor in jjotash. Most likely we shall find that 
(uir soils are generally delicient in this element. It will therefore Ih^ 
of interest to every one to know whether our Kansas salt beds will 
yi(*ld any of this nmterial. Thus far none has been produced, but 
if it be found every one will be benefited. 




CHAPTER XV. 



A PRELIMINARY CATALOGUE OF THE INVERTEBRATE 

PALEONTOLOGY OF THE CARBONIFEROUS 

OF KANSAS. (Preliminary.) 

BY JOHN BENNETT. 

In this chapter is givon a preliminary synopsis of the invertebrate 
fauna of the Mississippian, the Coal Measures, and the Permian for- 
mations in Kansas, arranged first with reference to their biologic 
aspect, and second according to counties. The classification adopted 
is mainly that of Von Zittel, and the arrangement on the page is 
made as convenient as could well be done. Few species have been 
included which have not been inspected by the writer, but some have 
been copied from the writings of Professor Prosser and from a manu- 
script furnished by Mr. Beede, of Topeka. Those copied from Pros- 
ser are followed by the letter (P), and those copied from Beede by 
the letter (B). For many reasons this catalogue is deficient, and 
therefore it should be looked upon only as preliminary. It is pub- 
lished here to serv^e as a beginning, with a hope that it may be i^er- 
fected at some future time. 

The animal kingdom may be divided into seven subkingdoms, or 

branches, as follows: 

I, Protozoa. 

II, Ccelenterata. 

III, Echinodermata. 

IV, Vermes. 
V, Mollusca. 

VI, Arthropoda. 
VII, Vertebrata. 
Of these the following have been observed: 

(270) 
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Branch I.— PROTOZOA. 

Class RHIZOPODA. 

Ouo jjonus and three spocioa. 

Fiisiiliiia Fischer, 1857, Oryct. du Gouv. de Moscou. 
et/lendrica Fischer, 1837, Oryct. du Gouv. de Moscou. 
rohujita Meek, 18G4, Pal. California, vol. 1. 
veiitricosa Meek and Hayden, 18G1, Pal. Upper Mo. 

Branch II.— CffiLENTERATA. 

Class ANTHOZOA. 

Eifjht fferu^ra ami oiffht six'cies. 

Axopliylliiiii Edwards and Ilainie, 18."jO, Brit. Pal. Foss. 

rndh White and St. John, 18()8, Trans. Chi. Acad. Sci. 
CaiiiiH»|>li.vUiiiii Edwards and Haimo, 1850, Brit. Foss. Corals. 

tonjuitu/i Owen, 1852, Geol. Rop. Iowa and Minn. 
Cyat1iax<»iiia Michelin, 1840, Icon. Zooph. 

(Ihforfa Worthen, 1875, Geol. Sur. III., vol. (5. 
C-yathophyHiiiii Goldfuss, 1820, Petref. Germ. 

sp. 

Tjophopliylliiin Edwards and Haiuic, 185(), Brit. Foss. Corals. 

profi/orufn McChesncy, 1800, Now Pal. F»)ss. 
Mirlioliiiia DeKoninck, 1812, Dcsc. dcs Anini. Foss. Belcj. 

(lufrnca White (Ind. 188.3), (Je<il. and Nat. Hist., 13th Report. 
Syriiij^opora Goldfuss, 1821), Germ. Petref. 

itiuff(tff( nuafa McChesn«'y, 18(k.), New Pal. Foss. 
Zap1ir<'iitis Rafinesijue, 1820, Ann. dcs Sci. Phys. Brux., vol. 5. 

sp. 

Branch III.— EGHINODERMATA. 
Order CBINOIDEA. 

Ainras.sixocriiiiis Troost, 1850, Ms. of Mono^rai)h Crinoidea. 

cftrftonarhfs Worthen, 1873, Geol. Sur. 111., vol. 5. 
CatilhH*riniis Troost, ia")0. Cat. Foss. described by Shumard, 18G0, Trans. St. 
Louis Acad. Sci. 

ivdchAinnthi Meek and Worthen, 18G(n Proc. Acad. Nat. Sci. Phil. 
CyatliOiTiiiiis Miller, 1821, Nat. Hist. Crinoidea. 

sanf/dtnonrnsin Meek and Worthen, 1800, Proc. Acad. Nat. Sci. Phil. 
KrisocTiiiiis Meek and Worthen, 1805, Am. Jour. Sci., vol. 89. 

tifpUH Meek and Worthen, 18<j5, Am. Jour. Sci., vol. 89. 
Kiipa<'liy<*riiiii.s Meek and Worthen, 1805, Proc. Acad. Nat. Sci. Phil. 

c.raigi Worthen, 1875, Geol. Sur. 111., vol. 0. 

tuhcrcuUituH Meek and Worthen, 1805, Proc. Acad. Nat. Sci. Phil. 
Orap]ii<K*riiiiis DeKoninck and Le lion, 1854, Rech. Crin. Carb. Belg. 

sp. 
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Peiitreniltes Say, 1820, Am. Jour. Sci., vol. 2. 

conoideus Hall, 1856, Trans. Alb. Inst., vol. 4. 

godoni DeFrance, 1818, Diet. Sci. Nat. 
Platycrlnus Miller, 1821, Nat. Hist. Crinoidea. 

sp. 

Poterio<Tinu» Miller, 1821, Nat. Hist. Crinoidea. 

hardincnsis Worthen, 1873, Geol. Surv. 111., vol. 5. 
Scaphi<K*riiiiiH ? (Pbteriocrinus) Hall, 1858, Geol. Rep. Iowa. 

hcminphcricuH Shumard, 1858, Trans. St. Louis Acad. Sci. 
Zeu<*riiiii.s Troost, 1850, Catal. Foss. 1850, and described by Hall, 1858, Geol. 
Iowa. 

acanthophoruH Meek and Worthen, 1870, Proc. Acad. Nat. Sci. Phil. 

disf'us Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 

rnuorosplnus McChesney, 1859, New Pal. Foss. 

ft/pUH. 

Order ECHINODEBMATA. 

Ouo jfenufii and four species. 

Areliye^M'idari.s McCoy, 1814, Carb. Foss. Ireland. 

miicronatus Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 

norwoodl Hall, 1858, Geol. Rep. Iowa. 

ahnmardiana Hall, 1858, Geol. Rep. Iowa. 

frherrata Meek, 1872, Pal. E. Neb. > 

Branch IV.— VERMES. 

Class ANNELIDA. 
Two >fenera aud two species. 

Serpiila Linnaeus, 1758, (Spirorbis ol Lamarck 1801) Syst. Nat., 10th ed. 

invlfa, 
Spirorbis Lamarck, 1801, Syst. An. sans. Vert. 

('(irbonariusDawBon, 1845, Quar. Jour. Geol. Soc, vol. 1. 

Branch V.— MOLLUSC A. 

Class Brj'ozoa, sixteen genera and twenty-two species. 

Class Brnchiopoda, sevent4>eu genera and sixty species. 

C-lass Lamellibrnncliiat^i, thirty-live genera and eighty-five species. 

Class Gasteroixxla, seventeen genera and fifty-nine species. 

Clas.** Cephaloixxla, four genera and eighteen species. 

Class BRYOZOA. 

ArfliiiiK»<les La Sueur, 1812, Am. Jour. Sci., vol. 43. 

sp. 

Batostoiiiella (B). 

infrrstieta Ulrich. 
Clia*t<*t€*s Fischer, 1837, Oryct. du Grouv. Moscou. 

carbonnrius Worthen, 1875, Geol. Surv. III., vol. 6. 

mdlcporaceus Troost. 
C.voh>iM>ra ?? (B). 

sp. 
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Fenestella LonBdale, 1839, Murch. Sil. Syst. 

compreaaa Ulrich (B). 

limitaris ? Ulrich (B). 

modesta ? Ulrich (B). 

shumardi Prout, 1858, Trans. St. Louis Acad. Sci., vol. 1. 

seviUenaia ? Ulrich (B). 
Fistiilipora McCJoy, 1849, Ann. & Mag. Nat. Hist., 2d series, vol. 3. 

noduUfera Meek, 1872, Pal. E. Neb. 
Glaucoiioiiio Groldfuss, 1826, Germ. Petref. 

nercidia White, 1874, Rep. Invert. Fobs. 
Lyropora ? (B) Hall, 1857, Proc. Am. Assoc. Ad. Sci., vol. 10. 

sp. 

Polypora McCoy, 1845, Carb. Foss. Ireland. 

aiibmarginata Meek, 1872, Pal. E. Neb. 
PtUodictya ? Lonsdale, 1839, Murch. Sil. Syst. 

trkuufulata. 
Khoiubop<»ru Meek, 1872, Pal. E. Neb. 

lepidodendroidca Meek, 1872, Pal. E. Neb. 

8ept^pora ? (B) Prout, 1859, Trans. St. Louis Acad. Sci. 

sp. 

Stcnopora (B) Lonsdale, 1815, Geol. Russ. and Ural Mts., vol. 1. 

carbon aria Ulrich. 

carbonaria var. confuta Ulrich. 
Stictoporu Hall, 1847, Pal. N. Y., vol. 1. 

sp. 

Strebloptrypa (B). 

nickelai Ulrich. 
Synoclaclia King, 1849, Trans. Geol. Soc. Lond., 2d series, voL3. 

biserialia Swallow, 1858, Trans. St. Louis Acad. Sci. 

Class BRACHIOPODA. 

^ SPIRIFERID^. 

Altliris McCoy, 1844, Carb. Foss. Ireland. 

lamcUona Leveille, 1835, Mem. Geol. Soc. Franco. 
Hublamcllosa Hall, 1858, Geol. Rep. Iowa. 
aubquadrata Hall, 1858, Geol. Rep. Iowa. 
aubtiiita Hall, 1852, Stansbury's Exped. to Great Salt Lake. 
trinucleua Hall, 1882, Whitfield Bulletin 3, Am. Mus. Nat. Hist 

PRODUCTID.E. 
Clionetes Fischer, 1837, Oryct. du Grouv. de Moscou. 
glabra Hall, 1857, 10th Reg. Rept. 

granullfera Owen, 1852, Geol. Rept. Wis., Iowa, and Minn. 
neaoloba Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phil., vol. 3. 
mUfepimctaia Meek and Worthen, 1870, Proc. Acad. Nat. Sci. Phil. 
parva Shumard, 1855, Geol. Rep. Mo. 

amithi Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phil., vol. 3. 
verneuiliana Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phil., vol 3. 

—18 
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CRANIAD^. 

Crauia Ketzius, 1781, Schriften der Berliner Gesellechaft Naturforschende 

Freund. 

8p. 

STROPHOMINID.E. 

Derbya* (M and H) H and C ? 

hennetti Hall and Clarke, 1892, Geol. Surv. State N. Y. Pal., Pal. Brae, vol. 8, 

parti. 

hroadheadi Hall and Clarke, 1892, Geol. Surv. State N. Y. Pal., Pal. Brae, 

vol. 8, part 1. 

DISCINIDiE. 

Disoina Lamarck, 1819, Hist. Nat. Anim. sans Vert. 

convexa ? (B) Shumard, 1858, Trans. St. Louis Acad. Sci. 

nitida Phillips, 1836, Geol. of York. 

tennilinca(u8. 

LINGULID^. 

Liii^iila Benguiero, 1792, Encyc. Meth. 

carbonaria Shumard, 1858, Trans. St. Louis Acad. Sci. 
melie ? Hall, 18G7, Pal. N. Y., vol. 4. 
mytiloidcs Sowerby, 1812, Min. Conch. Tab. 19. 
scotica Davidson, 18G0, Monogr. Scot. Carb. Brach. 
umbonata (B) Cox, 1857, Geol. Surv. Ky., vol. 3. 

STBOPHOMENID.E. 

Mcekella White and St. John, 1868, Trans. Chi. Acad. Cci. 
striato-costata Cox, 1857, Geol. Surv. Ky., vol. 3. 

DISCINID^. 
Orbiciiloidea d'Orbigny. 

sp. 

StROPHOMINID^. 
Ortliis Dalman, 1827, Kougl. Vet. Acad, fiandl. 

carbonaria S\tallow, 1858 (syn. for pecosi of Marcou, 18*3), Geol. N. Amer. 

kcokuk Hall, 1858, Geol. Rep. Iowa. 

robunta Hall, 1858, Geol. Rep. Iowa. 
Orthiisiiia d'Orbigny, 1849. 

schumardlana Swallow, 1858, Trans. St. Louis Acad. Sci. 

PHODUCTID^. 
Prodiictiis Sowerby, 1814, Min. Conch., vol. 1. 

altonensia Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phil., 2d se- 
ries, vol. 3. 

amcricanua Swallow, 1863, Trans. St. Louis Acad. Sci. 

cora d'Orbigny, 1842, Geol. Voy. Amer. 

coatatus Sowerby, 1827, Min. Conch., vol. 6. 

longispinus Sowerby, 1814, Min. Conch., vol. 1. 

mafjnua Meek and Worthen, 1861, Proc. Acad. Nat. Sci. Phil. 

nrbrascensts Owen, 1852, Gteol. Rep. Wis., Iowa and Minn. 

Tiorivoodf Swallow, 18.58, Trans. St. Louis Acad. Sci. 
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ProdiictUH Sowerby, 1814, Min. CJonch., vol. 1. 
pertcnuis Meek, 1872, Pal. E. Neb. 

prattcniaiius Norwood, 185-1, Jour. Acad. Nat. Sci. Phil. 
punctatiia Martin, 1809, Petrif. Derb. 
semirctieulatus Martin, 1809, Petrif. Derb. 
symmetricus McCheeney, 1860, Desc. New Pal. Fobs. 
tenuicostatus Hall, 1858, Greol. Rep. Iowa. 
wortheni Hall, 1858, Greol. Rep. Iowa. 

SPIRIFERIDiE. 

Itetzia * King, 1850, Monograph of Permian Foes. 
mormon i Marco u, 1858, Geol. N. Am. 
vera Hall, 1858, Geol. Rep. Iowa. 

HHYNCHONELLIDiE. 

Kliync'lioiieHa Fischer, 1809, Mem. Soc. Imp. Mosc. 
inctaltica (B) White, 1874, Rep. Invert. Fose. 
uta Marcou, 1858, Geol. N. Amer. 

SPIRIFERID^. 

Splrifer Sowerby, 1815, Min. Conch., vol. 2. 

catnerafa Morton, 18^J6, Am. Jour. Sci., vol. 29. 

fiMigata Meek and Worthen, 1870, Proc. Acad. Nat. Sci. Phil. 

keokuk Hall, 1858, Geol. Rep. Iowa. 

lineata Martin, 1809, Petrif. Derb. 

pliuwconvexa Shumard, 1855, Greol. Rep. Mo. 

rosteUdfa Hall, 1858, Geol. R(»p. Iowa. 

suhorbicularia Hall, 1858, Geol. Rep. Iowa. 
Splrileriiia d'Orbigny, 1847, Consid. Zool. et Geol. Sur. lee Brachiopodes 
comptes rendus des SciencoR de PAcademie des Sciences. 

kentuckienais Shumard, 1855, Geol. Rep. Mo. 

STROPHOMINID.E. 

Strept4>rliyncliii8t (Hemipronites) King, 1850, Monograph of Permian Foss. 
craHsxui Meek and Hayden, 1858, Proc. Acad. Nat. Sci. Phil. 
creniatriatua Phillips, 18,'JG, Geol. York., vol. 2. 

STROPHOMINIDJS. 

Syntrialasma Meek and Worthen, 18<')5, Proc. Acad. Nat. Sci. 

hemiplicatum Hall, 1852, Stansbury 's Exped. to Great Salt Lake. 

terebratulidj:. 

Terebratiila Llhwyd, 109G, Lith. Brit. Ichn. 
hnvidena Mortin, 183(), Am. Jour. Sci., vol. 29. 



*Hall and Clarke proiwse Ilustrdia. 
t Syn. for fh-rbya. 
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Class LAMELLIBRANCHIATA. 

ABCAD^. 

Allorisina King, 1844, Ann. Mag. Nat. Hist., vol. 14. 
antlqua Swallow, 18G3, Trans. St. Louis Acad. Sci. 
coaiafa Meek and Worthen, 1869, Proc. Acad. Nat. Sci. Phil. 
geinitzia (B) Meek, 1867, Amer. Jour. Sci., vol. 44. 
granosa Shumard, 1858, Trans. St. Louis Acad. Sci. 
marionenals White, 1876, Proc. Acad. Nat. Sci. Phil. 
pleuropifttha Meek, 1871, Proc. Acad. Nat. Sci. Phil. 
reflcxa Meek, 1872, Pal. E. Neb. 

regular is 

striata 

subcuneata Meek and Hayden, 1858, Proc. Acad. Nat. Sci. Phil. 

ASTARTIDiE. 

Astarte Sowerby, 1818, Minn. Conch., vol. 2. 

sp. 

Astartella Hall, 1858, Geol. Rep. Iowa. 

coneentrica McChesney, 1860, Descr. New Pal. Foss. 

gurleyi 

vera Hall, 1858, Greol. Rep. Iowa. 

AVICULID^. 
Avieiila Klein, 1753, Ostrac. 

longa Geinitz, 1866, Carb. und Dyas in Neb. 

PECTENID^. 

Avtciilopecten McCoy, 1851, Ann. Mag. Nat. Hist., 2d series, vol. 7. 
atnericana. 

carboni/erus Stevens, 1858, Am. Jour. Sci. and Arts. 
conatans. 

coryanua White, 1874, Rep. Invert. Foss. 
coxanua Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 
herizeri Meek, 1875, Ohio Pal., vol. 2. 
maccoyi Meek and Hayden, 1865, Pal. Up. Mo. 
occidentalia Shumard, 1855, Geol. Rep. Mo. 
recti! aterariua Cox, 1857, Geol. Sur. Ky., vol. 3. 
whitei ? Meek, 1872, Pal. E. Neb. (B). 

PINNID^. 
Aviculopiiiiia Meek, 1867, Am. Jour. Sci., vol. 44. 
americana Meek, 1807, Am. Jour. Sci., vol. 44. 

AVICULID^. 
Bakcvellia King, 1849, Perm. Foss. 

parva Meek and Hayden, 1858, Trans. Alb. Inst., vol. 4. 

PHOLADOMYIDJ5. 

Cardiomorpha De Koninck, 1844, Desc. Anim. Foss. Carb. Belg. 
miaaourienaia Shumard, 1858, Trans. St. Louis Acad. Sci. 
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riiAsiNiDj:. 

Cliociiocardla Mock and Woethou, 1809, Proc. Acad. Nat. Sci. Phil. 
ovata Meek and Worthen, 18o9, Proc. Acad. Nat. Sci. Phil. 

pholadomyidj:. 

Clueaoinya Meek, 1864, Pal. of Up. Mo. 

leaven war thens is Meek and Ilayden, 1858, Proc. Acad. Nat. Sci. Phil. 
maria, 

CARDIAD-E. 

Coiioearcliiiin Bronn, 1835, Leth. Geol. 

obliquuni Meek and Worthen, 1805, Proc. Acad. Nat. Sci. Phil. 

CYPRINID.E. 

Cypricarclella Hall, 1858, Trans. AH). Inst., vol. 1. 

oblonga Hall, 1858, Trans. Alb. Inst., vol. 4. 
C'yprlc-arcliiiia ? Hall, 1858, Pal. N. Y., vol. 3. 

cnrhonariu Meek, 1871, Proc. Acad. Nat. Sci. Phil. 

PIIOLADOMYIDiE. 

Editioudia De Koninck, 1844, Desc. Anini. Foss. Carb. Belf ;. 
aspbifralUnsfif Meek, 1871, Hayden's Rep. Sur. Wyoming. 
(/lahra Meek, 1872, Pal. E. Neb. 
ne.brasccnsis Greinitz, 180G, Carb. und Dyas in Neb. 
ovntd, 

reflcxa Meek, 1872, Pal. E. Neb. 
Hubplana, 
auhtruncata Meek, 1872, Pal. E. Neb. 

PECTKNID.E. 

Eiitoliiiiii Meek, 1864, Cal. Geol. Sur., vol. 2. 

avicula Swallow, 1858, Trans. St. Louis Actid. Sci. 

LIMID.E. 
liinia Brugueire, 1791, Encycl. Meth. and Deehayes, 1824; Descrip. de Coquilles 
fossils des environs de Paris. 
rctifera Shumard, 1858, Trans. St. Louis Acad. Sci. 

arcadj:. 

Marcrodon Lycett, 184.5, Murch. Greol. Chelt. 
carbonari us Cox, 1857, Geol. Surv. Ky., vol. 3. 
obsolrfus Meek, 1871, Reg. Rep. University W. Va. 
tenuiHtriata Meek and Worthen, 1867, Proc. Acad. Nat. Sci. 

MYTILID.E. 

Modiola Lamarck, 1801, Syst. An. sans Vert. 

subeliptica, 

AVICULIDJE. 

Mouopteria Meek and Worthen, 1866, Proc. Chi. Acad. Nat. Sci. 

gibboaa Meek and Worthen, 1866, Proc. Chi. Acad. Nat. Sci. 

longispina Cox, 1857, Greol. Surv. Ky., vol. 3. 

marian White, 1874, Rep. Invert. Foes. 
Monotis Bronn, 1824, System Urwelthicher Konchylien. 

yregaria Meek and Worthen, 1870, Proc. Acad. Nat. Scj. Phil. 
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MYTILID.E, 

Myalina De Koninck, 1844, Desc. Amin. Foes. Carb. Belg. 
kansaaeneis Shumard, 1858, Trans. St. Louis Acad. Sci. 
jyerattenuata Meek and Hayden, 1862, Trans. Alb. Inst., vol. 4. 
recurviroatris Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 
squamosa Sowerby, 1827, Trans. Greol. Soc. Lond., 2d series, vol. 3. 
subquadrata Shumard, 1855, Geol. Rep. Mo. 
swallovi McChesney, 1860, New Pal. Foss. 

NUCULID.E. 

Xucula Lamarck, 1815. Hist. Nat. des An. sans Vert. 

parva McChesney, 1860, New Pal. Foss. 

ventricosa Hall, 1858, Geol. Surv. Iowa. 
Niiculaua Link, 1807, Rost. Samml., vol. 3. 

hellistriata Stevens, 1859, Am. Jour. Sci., vol. 25. 

belliatriata var. attenuata Meek, 1872, Pal. E. Neb. 

PINNID-B. 

Piuna LinnsBUS, 1758, Syst. Nat. 10th ed. 

peracuta Shumard, 1858, Trans. St. Louis Acad. Sci. 
aubapatulata Worthen, 1875, Geol. Surv. 111., vol. 6. 

OSTREID^. 

Placiinopsis Morris and Lycett, 1853, Monogr. Foss. Great Oolite (B). 
carbonaria Meek and Worthen, 1866, Proc. Chi. Acad. Sci., vol. 1. 

ASTARTID^. 

Pleurophorus King, 1844, Ann. Mag. Nat. Hist., vol. 14. 

angulatua Meek and Worthen, 18*35, Proc. Acad. Nat. Sci. Phil. 
oblonqua Meek, 1872, Pal. E. Neb. 

occidentalia Meek and Hayden, 18G2, Trans. Alb. Inst., vol. 4. 
aubcostatua Meek and Worthen, 1865, Proc. Acad. Nat. Sci. Phil. 
aubcuneatua Meek and Hayden, 1858, Trans. Alb. Inst., vol. 4. 
tropidophorua Meek, 1875, Ohio Pal., vol. 2. 

AVIGULIDiE. 

Posiclonomya Bronn, 1837, Leth. Geogn. 
fracta Meek, 1875, Ohio Pal., vol. 2. 

PHOLADOMYIDiB. 

Prothyris Meek, 1869, Proc. Acad. Nat. Sci. Phil. \ 
elegana Meek, 1871, Am. Jour. Conch., vol. 7. 

AVICULIDJS. 
Pseudoiuonotis Byrich, 1862, Zeit. der Deutsch., Geol. G^selsch., vol. 14. 
hawni var. ovata Meek and Hayden, 1865, Pal. Up. Mo. 

PHOLADOMYIDJE. 

Sangciiinolites McCoy, 1844, Synop. Carb. Foss. Ireland. 
obliquua Meek, 1871, Proc. Acad. Nat. Sci. Phil. 
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TRLGONID.E. 

8oliizodu8 King, 1814, Ann. Mag. Nat. Hist., vol. 14. 

curtus Meek and Worthen, 18G6, Proc. Chi. Acad. Sci. 

curtiforme Meet and Worthen, 186G, Pro. Chi. Acad. Sci. 

wheeleri Swallow, 1862, Trans. St. Louis Acad. Sci. 

sp. 

SOLEMYIDiE. 

Soleuoinya Lamarck, 1818, Hist. Nat. Anim. sans Vert., vol. 5. 

radiata Meek and Worthen, 18G0, Proc. Acad. Nat. Sci. Phil. 

rhombouda 

SOLENID^. 

t 

Soleiiopsis McCoy, 1844, Carb. Foss. Ireland. 

solenoides Geinitz, 18G6, Carb. und Dyas in Neb. 

pectenidj:. 

Streblopteria McCoy, 1851, Ann. Mag. Nat. Hist., 2d series, vol. 1. 

sp. 

NUCULIDiE. 

Yoldia Muller, 1842, Kroyer's Nat. Tid. 

aiihscifitfa Meek and Hayden, 1858, Trans. Alb. Inst., vol. -i. 

fip. 

Class GASTEROPODA. 

PYRAMIDELLIDiE. 
Ai'lis Ijoven. 



sp. 

BELLEROPHONTID^. 

Belleropliou Montfort, 1808, Conch. Syst., vol. 1. 
bellus Keys. 

carbonarius Cox, 1857, Geol. Rep. Ky., vol. 3. 
i'raH8U8 Meek and Worthen, 18G0, Proc. Acad. Nat. Sci. Phil. 
marcouanus Greinitz, 1860, Carb. und Dyas in Neb. 
montfortaniLs Norwood and Pratten, 1855, Jour. Acad. Nat. Sci. Phil. 
percarinatus Conrad, 1842, Jour. Acad. Nat. Sci. Phil. 
stcvenaanus McChesney, 1800, Desc. New Pal. Foss. 

textiHiformU 

tricarinatus Shumard, 1858, Trans. St. Louis Acad. Sci. 

HELICID^. 

Dawsoiiella Bradley, 1874, Am. Jour. Sci., 3d soriep, vol. 7. 
meeki Bradley, 1872, Am. Jour. Sci., 3d series, vol. 4. 

, SOLENOCnONCH^. 

Dcutaliuni Linnaeus, 1740, Syst. Nat., 2d ed. 

meekanum Geinitz, 1800, Carb. und Dyas in Neb. 

SOLARIID^. 

f^iiomphalus Sowerby, 1814, Minn. Conch., vol. 1. 
rugosus Hall, 1858, Geol. Rep. Iowa. 
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PYRAMIDELLID.E. 

Ijoxoneiiia Phillips, 1841, Pal. Foss. 

rugosutn Meek and Worthen, 1880, Proc. Acad. Nat. Sci. Phil. 
Macroclieilus Phillips, 18U, Pal. Foss. 

angulifera White, 1874, Rep. Invert. Foss. 

intercalaris Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 

medialis Meek and Worthen, 1865, Proc. Acad. Nat. Sci. Phil. 

paludence/ormia ? Hall, 1858, Geol. Rep. Iowa. 

primigenius Conrad, 1835, Trans. Geol. Soc. Pa., vol. 1. 

ventrico8U8 (B) Hall, 1858, Geol. Rep. Iowa. 

PLEUROTOMARIDiE. 
MurelLSonia D'Archaic and Verneuil, 1841, Bull. Soc. Geol. Fr., vol. 12. 

sp. 

NATACID^. 

Naticopsis McCoy, 1844, Synop. Carb. Foss. Ireland. 
alfonensis McChesney, 1865, Desc. New Pal. Foss. 
gigantia Hall, 1873, 23d Reg. Rep. N. Y. 
monolifera, 

nana Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 
ventrfcosa Norwood and Pratten, 1855, Jour. Acad. Nat. Sci. Phil. 
wheeleri Swallow, 1860, Trans. St. Louis Acad. Sci. 

CAPULID^ 

Platyceras Conrad, 1840, Ann. Rep. N. Y. 

equilateralis Hall, 1860, supp. to vol. 1, pt. 2d, Iowa Rep. 
nebranscense Meek, 1872, Pal. E. Neb. 

PLEUROTOMARID^. 

Plciirotomaria De France, 1826, Diet. Sci. Nat., 41. 

bonharborensiH Cox, 1857, Greol. Surv. Ky., vol. 3. 

broadheadi, 

carbonaria Norwood and Pratten, 1855, Jour. Acad. Nat. Sci. Phil., 2d se- 
ries, vol. 3. 

coniformia, 

coxana Meek and Worthen, 1866, Proc. Acad. Nat. Sci. Phil. 

depreasa Cox, 1857 (preoccupied by others), Greol. Surv. Ky., vol. 3. 

g^rayvillensia Norwood and Pratten, 1855, Jour. Acad. Nat. Sci. Phil. 2d 
series, vol. 3. 

haydenana Greinitz, 1866, Carb. und Dyas in Neb. 

illinoienais Meek (B). 

inornata Meek, 1872, Pal. E. Neb. 

marcouana Greinitz, 1866, Carb. und Dyas in Neb. 

hewportenaia ? 

perhumeroaa Meek, 1872, Pal. E. Neb. 

apecioaa Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 

aphoerulata Conrad, 1842, Jour. Acad. Nat. Sci. Phil., vol. 8. 

aubdecuaaata G^initz, 1866, Carb und Dyas in Neb. 

aubacalaria Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 
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Pleurotoiiiaria De France, 1826, Diet. Sci. Nat., 41. 
tabulata Conrad, 183o, Trans. Geol. Soc. Pa., vol. 1. 
iumida Meek and Worthen, 18G0, Pro. Acad. Nat. Sci. Phil. 
iurbiiiiformis Meek and Worthen, 18(50, Proc. Acad. Nat. Sci. Phil. 
valvatiformis Meek and Worthen, 18GG, Proc. Acad. Nat. Sci. Phil. 

PYRAMIDELLIDiE. 
Polyplieiiiopsis (Subulites Conrad) Portlock, 184.3, Geol. Londonderry. 
inornata Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 
nitidula Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 

HELICID.E. 

Pupa Humphrey, 1797, Museum Calonnianum. 

vituata Dawson, 18(30, Quar. Jour. Geol. Soc, vol. 10. 

SOLARIID.E. 

Straparolliis Montfort, 1810, Conch. Syst., vol. 2. 
planorbis, 

aubrugoHus Meek and Worthen, 1873, Geol. Surv., vol. 5. 
umbUicatua Meek and Worthen, 1800, Proc. Acad. Nat. Sci. Phil. 

NATICID.E. 
Traehydoiiiia Meek and Worthen, 1800, Geol. Siirv. 111., vol. 2. 
nodoHum Meek and Worthen, 1800, Proc. Acad. Nat. Sci. Phil. 

TROCIIID.E. 
Tiirritella (accilisina Zittel) Lamarck, 1801, Syst. An. sans Vert. 
ate vcnsana Meek and Worthen, 1806, Geol. Surv. 111., vol. 2. 

HYALID.E. 
Coiiiilaria (a Pteropod) Miller, 1818, in Sowerby's Min. Conch., vol. 3. 
cruatula or cristula. 

Class CEPHALOPODA. 

CYRTOCERATID.E. 

Cyrtoceras Goldfuss, 1832, in De la Beche's Handbuch der Greognoise bear- 

beitet von v Deschen. 

sp. 

goniatitidj:. 

Goniatites De Hann, 1825, Monogr. Ammonites et Goniatites. 
lyoni Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 
planorbiformia Shumard, 1855, Geol. Surv. Mo. 

NAUTILIDiE. 
Nautilus Breynius, 1732, Dissert. Polyth. 

ecccntricua Meek and Hayden, 1858, Trans. Alb. Inst., vol. 4. 

ferratua Cox, 1857, Greol. Surv. Ky., vol. 3. 

globoaua (gtobatua) Sowerby, 1825, Min. Conch. 

lasellenaia Meek and Worthen, 1866, Proc. Acad. Nat. Sci. Phil. 

fniaaourienaia Swallow, 1858, Trans. St. Louis Acad. Sci. 

occidrntalia Swallow, 1858, Trans. St. Louis Acad. Sci. 

piano vol via Shumard, 1858, Trans. St. Louis Acad. Sci. 
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Xaiitilus Breynius, 1732, Dissert. Polyth. 
ponderoaus White, 1872, Pal. of E. Neb. 
aangamonensia Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phil. 

todanua 

ep. 

ORTHOCERATIDJB. 
Orthoceras Breynius, 1732, Dissert. Polyth. 

cribroaum Geinitz, 18G6, Carb. uod Dyas in Neb. 

munatrianinn 

ruahenae McChesney, 1860, New. Pal. Foss. 

Branch VI;— ARTHROPODA. 

Class CRUSTACEA. 

Four ^oera and six species. 

PEN^IDiE. 

Anthraccopalaenion or Anthropalaeiiion Salter, 1861, Quar. Jour. Geol. 

Soc. Lond., vol. 17. 

sp. 

PHYLLOCARDiE. 

Ditliyrocarls Scouler, 1855, Brit. Pol. Rocks. 

carbonaria Meek and Worthen, 1869, Proc. Acad. Nat. Sci. Phil, 

AMPHIPODA. 
Palaeocaris Meek and Worthen, 1865, Proc. Acad. Nat. Sci. Phil. 
typua Meek and Worthen, 1865, Proc. Aca,d< Nat. Sci. Phil. 

PRCETID^. 

Phillipsia Portlock, 1843, Rep. Geol. Londonderry. 

cliftonenaia Shumard, 1858, Trans. St. Louis Acad. Sci. 
major Shumard, 1858, Trans. St. Louis. Acad. Sci., vol. 1. 
acitula Meek and Worthen, 1865, Proc. Acad. Nat. Sci. Phil. 

Branch VII.— VERTEBRATA. 

The teeth, dermal plates and scales of fish, <and occasionally a fin bone, have 
been gathered. Those known to us are of the following genera and species: 

Periprlstes Newberry and Worthen, 1866, Greol. Surv. 111., vol. 2. 

semicircularia Newberry and Worthen, 1868, Geol. Surv. 111., vol. 2. 

clenoptychua, 
Petalodus Owen, 1840, Odontography. 

aUeghanienaia Leidy, 1856, Jour. Acad. Nat. Sci. Phil., 2d series, vol. 3. 

deatructor Newberry and Worthen, 1866, Greol. Surv. 111., vol. 2. 
Pctrodus McCoy, 1848, Ann. and Mag. Nat. Hist., 2d series, vol. 2. 

occidentalia Newberry and Worthen, 1866, Grcol. Surv. 111., vol. 2. 



Bennett.] Synopsis of the Invertebrate Fauna, 283 



ARRANGEMENT BY COUNTIES. 

The following is a tabulated list, by counties, of the invertebrate 
fauna of the Carboniferous of Kansas. The more exact geographic 
position is often given by adding the name of the town at or near 
which the specimen was found. Many of the si^ecimens in the Uni- 
versity museum are lab;-led with reference to geographic position 
only, so that no information can be gained regarding the geologic 
position from which they came. Where it is known from what par- 
ticular horizon a specimen came the position is indi:*ated by a system 
of figures which are added to the name. Thus: 

1 — Cherokee shales. 

2 — Black shales just below the Oswego limestone. 
3 — Lower Oswego limestone. 

4 — Dlack shale between the two Oswego limestones. 

5 — Upper Oswego limestone. 

6 — Pawnee limestone. 

7 — Eight-foot limestone within the Pleasanton shales. 

8 — Lower Erie limestone. 
9— Middle Erie limestone. 

10 — Upper Erie limestone. 

11 — Tola limestone and shales above. 

12 — Carly le limestone. 

13 — Lower Garnett limestone. 
14 — Upper Garnett limestone. 

15 — Lawrence shales, with included limestone. 

16 — Lower Oread limestone. 

17 — Upper Oread limestone. 

18 — Lecompton limestones. 

19 — ** Dry-bone " limestone of Swallow, lying about 30 feet Inflow tho Cotton- 

wood Falls limestone. 

20 — Cottonwood Falls limestone. 

21 — Cottonwood shales. 

22 — Oolite limestone at Kansas City. 



ALLEN COUNTY. 

PROTOZOA. ECHINODERMATA. 

Fusulina cylindrica, lola, 12. Arclia;«eiclaris , lola, 12. 

CCELENTERATA. Erisocrinus typus, lola, 12. 

Oyathaxonla distorta. lola, 12. ScaplilocriuuH hemisphericus, lola, 

liOphophylliiiii proliferuiiiy Iok\, 12. 
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Zeaeriuiis acantliophorus^ lola, 11, 
12. 
7nucrosphiuSy lola, 11, 12. 

MOLLUSCA.. 
BRYOZOA. 

Fenestella , lola, 12. 

Synooladia biserialls, lola, 12. 

BRACUIOPODA. 

Atliyris aubtilita^ Bronson and lola, 

10, 11, 12. 
Choiiete.s verneuiliafia, Bronson and 

lola, 10, 11, 12. 



Orthls earbonaria, Tola, 12. 
Procliictus longispinusy Tola, 11, 12. 
ncbrascensis, Bronson and lola, 10, 

12. 
pcrtenuia, Bronson and Tola, 10, 11, 

12. 
punctatus, Bronson and Tola, 10, 11, 

12. 
semireticulatus, lola, 12. 
symmetricus, lola, 12. 
Ketzia mornioni, lola, 11, 12. 
KhynelKHiella tita^ Tola, 12. 
Spirilera camerata, Bronson and 
lola, 10, 11, 12. 
lineata^ lola, 11, 12. 
pkino-convexaj lola, 12. 

Remarks. — The top rock of the Triple system is very fossiliferous wherever 
found, from its equivalent — the black cherty limestone of Kansas City — to the 
southern line of the state, beyond Cherryvale. Under it the list of fossils might 
be much increased. What was gathered from it was from a well on Mr. Mc- 
Laughlin's farm, southeast of Moran, a station on the Missouri Pacific railway, 
and along the Marmaton river, near the same farm. 



Spiriforiiia krntuckiensis, Tola, 12. 
Streptorhyiicliiis craasusy lola, 12, 

Syn. for Derby a. 

Terebratiila bovidcns, Bronson and 
lola, 10, 11, 12. 

LAMELLIBHANCHIATA. 

Allori8iiia granosa, Tola, 12. 

Aviculopecten carboniferous, Tola, 
12. 
interlineatus. Tola, 12. 

Cdmouclia aspitiwallensiSt Bron- 
son, 10. 

GASTEROPODA. 

Platyeeras nebrasccjisis, Tola, 12. 
Pleurotoinaria , Tola, 11. 

CEPHALOPODA. 
Nautilus /erra^!/«, Bronson and lola, 
10, 11. 
missouriensiSj Humboldt, 11. 
occidentalism Bronson, 10. 

sp., lola, 12. 

Orthoceras sp., Bronson, 10. 

ARTHROPODA. 
Phillipsia major, Tola, 12. 

VERTEBRA TA. 
A fish tooth, lola, 12. 



ANDERSON COUNTY. 

CCELENTERATA. ECHINODERMATA. 

Axopliylluiu rudia, Garnett. Columns of Crinoidea, Garnett. 

Campopliyllufn torqnium, Garnett. MOLLUSC A 
Lopliopliylluni proliferum. Gar- 

nett. BRYOZOA. 

Syrin^opora muliatienuaia\ Gar- Polypora airagula, Garnett. 



nett. 



aubmarginata, Garnett. 
Synocladia biaerialia, Garnett. 
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BRACHIOrODA. 

Atliyris subiilita, Garnott. 
Choiietes verncniliana^ Garnett. 

l>erbya sp., Garnett. 

Hcniiproiiites orasaua, Garnett. 
Meek€*lla atriato-costatcij Garnett. 

Orbic'Uloicla ? sp., Garnott. 

Prodiictiis nchntxcensin, Garnett. 

punctafu8, Garnett. 

aemireticxdatuH, Garnett. 
Terebratula bovklenH, Garnett. 

LAMELLIBRANCniATA. 

Allorisiiia f/ranosa^ Garnett. 

subcuniata, Mt. Ida. 
Aviculopecteii oarbonaria^ Gar- 
nett. 
occulcntalis, Garnett. 
Maeroclon sp., Garnett. 



Pinna subspafufnfa ? Garnett. 

peracufa^ Garnett. 
Sell izocl 118 wheeler i ? Garnett. 

GASTEROPODA. 

Dclleroplioii crasstis, Garnett. 
dioniplialus rugosus, Mt. Ida. 

ftubrugo8tt8, Garnett. 
Ijoxonenia rugosa, Garnett. 

ep., Garnett. 

Xati<M>psi.s altonenHiSy Garnett. 

8p., Garnett. 

Pleiirotoinaria tabufata, Garnett 

and Mt. Ida. 

tiirbini/ormis, Garnett. 

sp., Garnett. 

CEPHALOPODA 



Nautilus ferratus, Garnett. 
occidentalism Garnett. 
ponderosuH, Garnett and Lane. 



IVIyalina kanaaHrnsiti^ Garnett. 

8ub(juadra(rtj Garnett. 
!*leur€>phorus oblong its, Mt. Ida. 

Remarks. — It would be safe to say that all the fossils of the Garnett limestone 
(^ee chapter VI) and the first limestone above it are to be found in this county, 
:i<» at Eudora in Douglas county, Linwood in Leavenworth county, and Olathe in 
Johnson county. 



ATCHISON COUNTY. 

PROTOZOA. 
Fiisulina cylindrica. 

m 

CCELENTERATA. 



Axophylluin rudiA. 
IjOphophjiluni jiroliferum. 
Syringopora mxdtattvnvatu. 

ECHINODERMATA. 

Archseocidaris sp. 

Zeaerinus acanthophorus. 
rmwrottpinuH. 

MOLLUSC A. 

BRYOZOA. 



Chsetetes sp. 

Fenestella sp. 

Fistulipora nodulifera. 
Rhombopora lepidodendroides. 



BRACHIOPODA. 

Athyrls subtil Ha. 
Clionetes granulifera. 

verneuiliana, 
Orthis {carbonaria) proosi. 
Prodiictus longispitiHs, 

nebrasccnsis, 

pertenuis, 

2)rattenianu8, 

punctatus. 
Ki^tzia monnoni, 
Spirifera ramcrata. 

I i 71 eat a. 
Spiriferiua kcntuckiensis. 
Terebratula bovidens. 

LAMELLIBRANCHIATA. 

Allorisiua subcuneata, 
AviculoiK»cten oecidontalis, 
KdnioiHlia 9ubtr»incata. 
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Myaliua subquadrata, 
Nucula xwntricosa. 
Nueulana bellistriatu. 
Pinna pcracuta, 
Solcnopsis solrnoidrs. 



Knoniphalns rugosu8. 

Llaerooheilus pp. 

Pleurotoniaria tabulata. 



CEPHALOPODA. 

Nautilus occidental is. 

GASTEROPODA. 

Bellerophon crasHxis. ARTHROPOLA. 

montfortanus. Phillipsia major. 

Remarks.— All the above-named fossils are from the city of Atchison, gath- 
ered mainly by myself years ago, and duplicated by more recent collections. For 
the individual fossils found in any particular limestone or shale, see chapter on 
the Missouri river section. . 



BOURBON COUNTY. 



PROTOZOA. 

Fusulina cf/fhidrica, 
ventricoaa ? 3. 

CCELENTERATA. 

Axopliylluin rudis, 3, 5, 6. 

Canipopliylluin torquium^ 3, 6. 

Cyathaxonia distorta, 3, 6, 7. 

Lopliopliylluni prollfevum^ 3, 5, 6, 
7. 

Syriugopora niuUattenuata^ 3. 

Zaphrentis gibsoni ? 5. 

ECHINODERMATA. 

Arclijeociclaris sp., 3. 

( Large) columns of Crinoidca^ 3, 5, 
6, 7, 8, 9, 10. 
Zeacriuus mucrospinus, 3, 6. 

sp., 3. 

MOLLUSCA. 

BRYOZOA. 

Cliaitetes carbonarium ? 3, 8. 
milleporaceus, 3, 5, G. 

Fencstella , 3, 5, 6. 

Fistiilipora nodulifcra^ 3, 5, 6, 8. 
Ptiloclietya ? trianfjulata, 3. 
Khonibopora lepidodendroidcs, 3. 

BRACHIOPODA. 

Atliyris lamelloHa^ 3, G. 
8ubtnita, 3, 5, 6, 7, 8, 9, 10. 
(rinuclia, 7. 



Chonetes f/ranulifcra, 8. 

verneuiliana, 8. 

mrsoloba^ 3, 4, 5, 6, 7. 

Last Hecn in the 8-foot limestouo system. 

sp., 3, 6, 8. 

Diseina nitida, 3, 5, 6, 7, 8. 

Meekella striato-costata^ 3. 

Ortliis {carbonaria) pecosiy 3. 
robtista^ 8. 

Product us americana, 3, 8, 9, 10. 

cost at U8, 3, 8, 10. 

longispinus, 3, 5, 6, 7, 8, 9, 10. 

ncbrascensiSy 3, 8. 

per tenuis f 3. 

punctat}*€, 3. 

symnietricus, 8. 
Ketzia mornioni, 3, 5, 6, 7, 8, 9, 10. 
Rhynehonella xita, 3, 7. 
Spirifera camcrata^ 3, 7, 8, 9, 10. 

lincata^ 4, 5, 6, 7. 

plano-co7ivexu8^ 3, 4, 5, 6, 7. 
Spiriferina kentuckicnsiSy 3, 6, 8. 
Streptorhynciius crassus, 3, 5. 
Terebratula bovidens, 8. 

LAMELLIBRANCHIATA. 

Allorisina subcuneata, 8, 10, Porter- 

ville. 

sp., 3. 

Aviculopecten sp., 5. 

JEdinondia aspinwallensi'*, 10. 

nebrascensiSf 3. 

Nucula ventricosa, 3, 5. 
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Xiiciilaiia belUatriata, 3, 5. 
Pinna peracuta, Porterville, 10. 
Si'hizodus w heeler i, 3. 

Sp. (very large), 3. 

sp., 5. 

GASTEROPODA. 
Bellcrophon carbonari a^ 5. 

marcouanusj 5. 

montfortanus, 3. 

percarinatuSi 3, 4, 5. 

sp., 3, 5, (). 

Kuoniphalus ruf/()>*iis, 5. 
Maerocheilns prinih/mlaH^ C. 
Ijoxoneiiia rugosa ? 3, 5. 

intcrcalaris, 3, 5. 
Naticop.sis altonensiH, 3, 5. 

venfricoaa, 3, 6. 
Pleurotoniaria broadhcadi^ 3, 4. 

sprciosa, 3. 

Hphtrrulata^ 3, 4, 6. 

turbiniformiH, 3. 

sp., 3, 5. 



CEPHALOrODxV. 

Goniatites sp., 3, 4, 5. 

Nautilns /erratum, Porterville, 10. 

occidcntalfSy 3. 

sp., 3, 6. 

Orthoceras rushctisr, 3, 5. 

sp., 3. 

sp., Porterville, 3. 

ARTHROPODA. 



Ditliyrooari.s 



pp., o. 



Phillipsia major^ 3, 10. 

VERTEBRATA. 

Petrodus orddcntalis, 3, 4, 7. 
Scales and dermal plates of fish, 3, 4, 5. 
Spines of fish, 3, 4, 5. 

PLANT.E. 

Calemites, 3. 
Filices or ferns, 3. 
Lepidodendroids, 3. 
- Sigillarioids, 3. 



Polypheniopsis Accilisina — 

sp., 3. 
Conularia (a Pteropod) crustuhi, 3. 

Remarks. — The families named here are found in all the lower shales at least, 
but none have been identified as to spoiriep. 



BROWN COUNTY. 

CCELENTKRATA. 
Lophophylliim prolifrrum, 

ECHMODERMATA. 
Zeaoriniis acanthophortn. 



sp. 



Crinoid columns. 

MOLLUSC A. 

BRYOZOA. 

Fene»tella 

Rhonibopora fr/tiffo'hnffroidrs. 

BRAniioroDA. 
Athyri.s Hubtilifu. 
(/lionet OS (flahra J 

granuUfvm. 
Heinipronitcs vrasstttt. 



Prodiictiis neb r a sec list f*. 

coHtatus f 
Spirifora plano-convcxu \ 

LAMELLIBRANCHIATA. 

Astartella conccntrica. 

Avic*ulopet*ten occidental is, 
maccoi/i / 

IMnioiidia nebraaccnsis. 

3Iyaliiia rrcurrirostris, 
subquadrata. 

Ma<*rodoii . 

Niiciila venfricosff. 

(iVSTKROPODA. 

Belleroplioii 

CKPHALOPOI>A. 

Orthoeeras niunslrianum 9 
rushcnse. 
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Remarks. — The above fossils were gathered by me several years ago near the 
village of Hamlin on the St. Joseph & Grand Island railroad. What the corre- 
sponding rock south of the Kansas river is, we are not prepared to say, our work 
not having extended that far north. 



BUTLER COUNTY. 



Fiisulina robustat Beaumont. 



PROTOZOA. LAMELLIBRANCHIATA. 

Allorisiim subcuniata. 
Aviciilopecten occidentalis, 
MOLLUSCA. Cdinoiidia aspinwallensia, Beau- 
BRACHIOPODA. mont. 
Meekella sfnato-costata. Myaliiia kansasensis, Beaumont. 
Retzia mormoni, Beaumont. GASTEROPODA. 
Rliynehonella n(a, Beaumont. Dentaliiim , Beaumont. 

Remarks. — Fdr the above list we had to depend on the specimens found in 
the University museum. Unquestionably many of the fossils of the higher 
strata could be found in the county. 



CHASE COUNTY. 

PROTOZOA. Meekella striato-cosfatrt, 20. 

Fusulina cylindrica, 20. Productiis semireticulatus. 19. 

Streptorhy iielms ( He in ipronite^ ) 

MOLLUSCA. erassus, 20. 

BRACHIOPODA. 

Clionetes granuUfera, 20. 



CHAUTAUQUA COUNTY. 

But a single fossil has been reported from this county, Bellerophon textilli- 
formis, yet we have the strongest reason for saying that all the fossils of the 
counties northeast of it might reasonably be looked for in it. All the limestone 
systems trending across the counties northeast of it, in a southwesterly direction, 
are to be found in this county, from which they leave the state at the Indian Ter 
ritory line. 



CHEROKEE COUNTY. 

CCELENTERATA. Strotoerinus sp.. Galena. 

CyathophylHim sp., Galena. ^^^""^"« ^^ crinoidea, Galena. 

Zaplireiitis sp.. Galena. MOLLUSCA. 

BRYOZOA. 

ECHINODERMATA. Archimedes sp., Galena. 

Platocriiiiis sp., Galena. Fenestella sp., Galena. 

Pentrciuites godoni ? Galena. Ptiloclietya ? sp.. Galena. 
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BRACHIOPODA. 

Chonetes sp., Galena. 

Orbiculoida ? ep., Galena. 

Orthis keokiik ? Galena. 

sp., Galena. 

Productiis (tmcrieayiuSj 3 or 5. 

costatuH^ 3 or 5. 

maf/nus, Galena and Boston Mills. 

punotatufi ? Galena. 

punetatus^ 3 or 5. 

semiretU'uUtiuH^ 3 or 5. 

symmctrieuf*^ Galena. 

ienuicoftfaf fifty Galena. 
Spirilerrt fasti gat us j Galena. 

keokuk, Galena and Boston Mills. 

lincatay 3 or 5. 

roafcllatusj Galena. 

auborbictdariHy Galena. 
Streptorhyiidnis {IIemipronUcs\ 
, Galena. 



LAMELLIBRANCHIATA. 

Allorisiiia antiqua ? Galena. 
Avic'iiloiKM'teii coxanua ? Galena. 

, pp., Galena. 

, sp.. Galena. 

GASTEROPODA. 

Deiitaliiiiii sp., Galena. 

Miirchisoiiia sp., Galena. 

Plat.y<*eras cquUatcra ? Galena. 

CKPHALOrODA. 

Orthororjis sp., Galena. 

!Naiitiliis planovolvis, ? 1. 
sp., 1. 

ARTHROPODA. 

Phillipsia , Galena. 

major, 3 or 5. 

VERTEBRATA. 
Fish spines and teeth, Galena. 



The two Nautilidflp liero given arc spocinions in Profossor Haworth's collection, and were 
found in concretionary limestone just above the Weir City-Pitt^burg coal. 

Remarks. — We may reasonably look for all the fossils of the Oswego lime- 
stone systems — the equivalents of the Fort Scott cement and coral limestones 
and their associated black shales — which pass across the northwestern corner 
of this county, such, for instance, as the ChcBtetes niUliporaccus, Dlscina 
nitida, Chojirtcs incHnUtfta^ etc. 

It will also be seen that we have gone below the Coal Measure formations in 

our list of fossils, part of the above species being found in the Mississippian 

rocks of Galena and the neighborhood. In all other places in this chapter they 
are not separated from the fossils actually found in the Coal Moiisuros. 



COFFEY COUNTY. 



MOLLUSCA. 

BRYOZOA. 

Rhombopora lepidodendroidcH, 
Burlington. 

BRACHIOPODA. 
Meekella striato-cnstata, Burling- 
ton. 
ProdilctUS pitnrtatfiA, Burlington. 
aemircticulatufty Burlington. 



Streptorliyiic'lius ( Hemipronitee ) 
crasfttfii, Burlington. 

LAMELLIBRANCHIATA. 
Myaliiia rrciirvirofttris, Burlington. 
ffubquadrata, Burlington. 

GASTEROPODA. 

Loxoiieuia sp., Hartford. 



Remarks. — This list undoubtedly could be very much lengthened by cloFer 

observation and search; for the Oread limestone systems are known to be very 

highly fossiliferous (see Douglas county), and they cross C'/ll'i-y county in their 
croppings and trend toward the southwest. 

—19 
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COWLEY COUNTY. 



PROTOZOA. 



Astarte 



Fusiilina cylindrical Grand Sum- 
mit. 

CCELENTEI^TA. 

Axophylliini rudis, Grand Summit 

and Cambridge. 

Lopliophylliiin proli/erum, Grand 
Summit. 

ECHINODERMATA. 

Arcliaeoeidaris rmieronatus. 
Scapliiocrimis hemisphericus, 
Grand Summit. 

MOLLUSCA. 

BRYOZOA. 

Fistulipora noduH/era, Grand Sum- 
mit. 

Khonibopora lep idodendroides, 

Grand Summit. 

BRACHIOPODA. 
Atliyris siibiilita. Grand Summit. 

Choiietes grunulifcra^ Grand Sum- 
mit. 

Derbya sp. 

Meekella striato-costata, Grand 
Summit. 

Prodiurtiis ncbrascensiSy Grand 
Summit. 

j)€r(enHi8i Grand Summit. 

8e7iiircticulatus, Grand Summit. 

8Ti/mme(rieu8, Grand Summit. 
Several crania wore attached to this speci- 
men in the University museum. 

Ketzia mormoni. Grand Summit. 

RhyiU'hoiiella nta, Grand Summit. 

Spirifera camcrata^ Grand Summit. 

lincata, Grand Summit. 

Syntrialasina hcmiplicata^ Grand 
Summit. 

Terebratula bovldeii8, Grand Sum- 
mit. 

LAMELLIBRANCHIATA. 

Allorisiiia cfranosa^ Grand Summit. 

marione7i8iSy Grand Summit. 

(Banguinolites) obliqua. Grand 
Summit. 

reflexdy GrandSummit. 



sp., Grand Summit. 



Aviculopecten maccoyi, Grand 
Summit. 
occidentalisj Grand Summit. 

sp., Grand Summit. 

Lima reti/era^ Grand Summit. 
Myaliiia katisasensis, Grand Sum- 
mit. 
subquadrata. Grand Summit. 
svmllovi, Grand Summit. 
Niieiila parva, Grand Summit, 
vrntrico8a, Grand Summit. 

Niuiilana pp., Grand Summit. 

Protliyris elegans, Grand Summit. 
Pseiidoiiionotis hawni, Grand Sum- 
mit. 

Pleurophorus sp., Grand 

Summit. 
Scliizodiis wheeleri, 
YoUlia subscihda, Grand Summit. 

GASTEROPODA. 

Bellerophou sp. (flaring lip). 

Grand Summit. 
marcouanus. Grand Summit. 
Dawsonella meeki, Grand Summit. 
Naticopsi8 sp., Grand Sum- 
mit. 
Maeroeheilus angub'/era, Grand 
Summit. 
prifnevus, Grand Summit. 
Pleurotoiuaria jnarcouana, Grand 

Summit. 
StraparoHus rugosus, Grand Sum- 
mit. 
sp.. Grand Summit. 

CEPHALOPODA. 

Goiioatites j)lanorbiformi8, Grand 
Summit. 

Ortlioceras rnshense^ Grand Sum- 
mit. 

ARTHROPODA. 
Pliillipsia scitula. 
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Rbmarks. — ^We are indebted to Mr. Adams for so full a list from' this county, 
which is undoubtedly rich in faunal exuviae, as many tine specimens in the Uni- 
versity and Mr. Adams's private collection will show. 



CRAWFORD COUNTY. 



CCELENTERATA. 



MOLLUSCA. 

BRYOZOA. 

Chsrtetes mlHeporaceua^ Englevale 
and Girard, 3, 5. 

BRACHIOPODA. 

Atliyris sithtiiita, Englevale and 

Girard, 3, 5. 
Diseiiia nitida^ 3, 5. 
Prochictus cora, Girard, 5. 
Spirifera jylano-convcxusy 3, 5. 
lineata, 3, 5. 

LAMELLIBRANCHIATA. 
AUorisuia reflexa, Girard, 5. 

Remarks. — All the fossils of the Cement, Coral and Pawnee limestones of 
Bourbon county may reasonably be looked for in this county, although these 
limestone systems are very much more concealed in it than in Bourbon county. 
The Erie system also has a small area in the northwestern part of the county. 
The coal plants are also found in the shales, and fine samples of silicified stumps 
are found especially in the northeastern part of the county. 



Axophylliiin rudis, Enghvale, 5. 
Lopliophylliiin proli/erum, Engle- 
vale and Girard. 



ECHINODERMATA. 
Pent rem ites conoidens^ 1. 

This fossil came from the noifirhborhcxxl of 
Pitt-sburjf, probably from a shaft that 
reached down toward the Missi^^ipian 
rocks. 

Columns of crinoidea^ Englevale and 
Girard, 3, 5. 



DOUGLAS COUNTY. 



PROTOZOA. 

Fusuliiia cylindrical Lawrence, 16, 
17. 

CCELENTERATA. 

Caiupopliylliiiii torquimn, Lecomp- 

ton, 17. 

Cyathaxonia distorta, Lecompton, 
17. 

Lophopliylhini proVtfrrum, T^w- 
rence and L^^tronipton, 17. 

Syriii^opora )iuiUa(t( ntHtta^ Le- 
compton, 17. 

ECHINODERMATA. 

Aroha^ocidaris sp., Lconip- 

ton, 17. 
Kupacliyoriiius • sp., Ix'c<mip- 

ttm, 17. 



Scapliioi'riaiis hcmisphericus, Le- 
compton, 17. 
Zearcriiius dtHcuM. 

MOLLUSCA. 

HRYOZOA. 

Chattel es sp., Lawrence and 

Tjeccmipton, 17. 

Fenostolla sp., Eudora, 13. 

Fistiilipora jHtdu/ifrra, Lecompton, 

17. 
Synoi'ladia hiscriidif^y Lecompton, 

17. 

BRACHIOPODA. 

Atliyris HiihtUitn, Eudora, Law- 
rence, and Lecompton, 13, 14, 16, 
17. 
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Clionctes granulifera^ Lecompton, 

17. 
verneuilianaf Lecompton, 17. 

Derbya bennetti, Lecompton, 17. 

broadheadiy Lecompton, 17. 
Discina nitida, 15. 
Meekella striato-costata, Lecomp- 
ton, 17. 
Orthis [carbonaria) pecosl, Law- 
rence and Lecompton, IG, 17. 
robnaia^ Lecompton, 17. 

l*ro<liictiis aUonensis, Lecompton, 
17. 

americanus, Eudora and Lecomp- 
ton, 1.3, 17. 
C08fafu8f Lecompton, 17. 
lon(/ispinu8, Eudora and Lecomp- 
ton, 13, 17. 
nebrascensiSf Eudora and Lecomp- 
ton, 13, 17. 
pertenuis, Eudora, 13. 
puriciatuSf Lecompton, 17. 
aemireticidatuSf Lecompton, 17. 
8i/7nmetricu8, Lecompton, 17. 
Ketzia mormoni, Lecompton, 17. 
Khyiiclionclla uta, Lecompton, 17. 
Spiril'era camerafa, Lecompton, 17. 
lincata, Lecompton, 17. 
jilnno-convexus^ Lecompton, 17. 
Spirifernia kcntuekiensls^ Lawrence 

and Lecompton, 17. 
Streptorhynclms crassus, Lecomp- 
ton, 17. 
Syntrialasiiia hemiplicata, Eudora 

and Lecompton, 13, 17. 
Terebratula bovidena, Eudora and 
Lecompton, 13, 17. 

L.AMELLIBRANCHIATA. 

Allorisnia cosfata, Lawrence, 16. 

ffranosa, Lawrence, 16. 

regular is, Lawrence, 16. 
Astarte sp. 



Avieiila longa, Lecompton, 17. 
Aviciilopecteii carboniferu8. 
Chaeiiocardia ovata, Lecompton, 17. 
Clia^nomya leavenwortheriHis^ Le- 
compton, 17. 
£<liiioiid]a n€bra8cen8i8, Lecomp- 
ton, 17. 
Fiitoliiiiii avicula, 

Macrofloii sp., Lecompton, 17. 

Moiioptera inarian, Lecomf)ton, 17. 
Myalina recurvlrostris^ Eudora and 
Lecompton, 13, 17. 

8V'(tHovl^ Eudora, 13. 

Nii(*iila Bp., Lecompton, 17. 

Pinna pcracuta, Lecompton, 17. 
Scliizodiis wheeleriy Eudora, 13. 

sp., Lecompton, 17. 

sp., Lecompton, 17. 

GASTEROPODA. 
Bcllcrophou carbonarius^ Lecom- 
ton, 17. 
crassus, Lecompton, 17. 
dioiiiphalus 8ubrugo8uxy Lecomp 

ton, 17. 
Maeroeheilus altonenais f Lecomp 

ton, 17. 
Pleurotouiaria6on/iar6orrn«/>, Le- 
compton, 17. 
carbonaria, Lecompton, 17. 
iurbhiiformi8f Eudora and Lecomp- 
ton, 13, 17. 

CEPHALOPODA. 

'Sautilus]lpccidentali8, Lecompton, 

17. 

8angamoncn8i8, Lecompt(m, 17. 

Ortliocerasmwws/r/a/ne/?/, Lawrence 

and Lecompton, 16, 17. 

ARTHROPODA. 

Palteocaris typu8, 

Phillipsia major, Lecompton, 17. 



Remarks. —The Lawrence shales in the neighborhood of Blue Mound yield 

some fine specimens of the fern family and other Coal Measure plants. Nowhere 

outside of the lower Garnett limestone at Eudora have we found Hi/ntrKdamma 

in such abundance and so well preserved as here, except just across the Kansas 
river west of Linwood three miles, in Leavenworth county. They are quite 
plentiful, however, in thip rock north of Olathe, in Johnson county, and in the 
bed of the Osage river at Ottawa, in Franklin county. 
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ELK COUNTY. 



PROTOZOA. 



Fiisuliiia cylindrieay Elk Falls. 

CCELENTERATA. 

Axopliylliiui rudiHj Moline. 
Syriiig'opDra niultattenuafa, Elk 
Fulls. 

ECHINODERMATA. 

Soaphiooriiiiis hemisp/irrlrus^ Mo- 
line. 

MOLLUSC A. 

BRACHIOPODA. 
CllOllotes f/rftnun/rrd. 
veniruifi((na, Molino. 



Derby a 



sp., near Grenola. 



Prodiietus amrricanus^ Moline. 

pifnctaius, Moline. 

tiebrascejisia. 
Spii'ilora camrrafa, Moline. 

lineata. Elk Falls. 
Stroptorliyiiolms {Hem.) craasus, 

LAMELLIHRANCHIATA. 

Allorisiiia suhcuninta. 
AvicMilopecteii ooxanuHy Grenola. 
PseiKloinoiiotis hawni, 

CEPHALOPODA. 

Xniitiliis fcrnttua. 
sp., Moline. 



FRANKLIN (X)rNTY. 



PROTOZOA. 
Piisulina cylindrical Williamsburg. 

CCELENTERATA. 

Caiiipophylluiii torqulum, Wil- 
liamsburg. 
LopliOpliylliiiii ]jroh'/entniy 14. 

ECHINODERMATA. 
Crinoidea, Williamsburg, 13, U. 

MOLLUSCA. 

BRYOZOA. 

Fcncstella sp., 13, 14. 

Fistulipora noduh'fera, 13, 14, 

BRACHIOPODA. 

Athyris aubtilita^ Williamsburg, 13, 
14. 



I>orbya 



pp., Williamsburg. 



l*ro4luctiis coHtatus, 14. 

lOii(/isj)hnts, 13, 14, Williamsburg. 

7i('brfiftr(iiHf>iy 14. 

puncfatn-i^ 1.3, 14. 
Spirifcra catnerata, 14. 
Syiitrialasina hcmipficata, 1.3. 

LAMELLinRANClIIATA. 
Avi<*iib>pcH*teii carhonf/ertis^ 13. 
Pinna peracida, 14. 
p4)sidonouiya/rr/r/a,WilliamFhurg. 

GASTEROPODA. 

Belleroplion marcouanim, Wil- 
liamsburg. 

Loxoiieuia pp., William<^burg. 

StraparolUis sp., 14. 



CEPHALOPODA. 

Nautilus 2>f>f^ficrosusi 14. 
aangajnonensis. 



Chonetes verneuilicma, Williams- 
burg. 

Remarks. — The Syntrialasma and upper Eudora and Oread lim'^stones trav- 
erse this county, in their croppings, so that all the fossils of those systems might 
reasonably be looked for. 
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GREENWOOD COUNTY. 



CCELENTERATA. 

Lophopliylliiiii proliferum, 
Eureka. 

ECHINODERMATA. 
Columns of crinoidea, Eureka. 

MOLLUSC A. 

BRACHIOPODA. 
Athyris subtih'ta, Eureka. 



Rctzia mormoni, Eureka. 
Spirifera plano-convrjtis. 

LAMELLIBRANCIIIATA. 

Allorisina granoaa. 
Myaliiia kansasensis, 

CEPHALOPODA. 

Nautilus planovolvis. 



Remarks.— All the fossils of the higher strata may reasonably be looked for 
here. 



JEFFEllSOiSr COUNTY. 



ECHINODERMATA. 

Arclijeocidaris edgarmsis. 
Catillocriims wachsmuthl. 
Cyatliocriims Hcnigamonensfs, 

Eupacliyocriiius sp. 

Pholidocriuus ? irregularis* 

MOLLUSC A. 

BRACHIOPODA. 

Chonetcs verneuiliana. 



Prodiictus nehrascensiK, 

LAMELLIBRANCHIATA. 

Yoldia subscitula, 

GASTEROPODA. 

Bellerophoii marcouanus. 
Macroeheiliis newberryi. 



VERTEBRATA. 



Fish teeth. 



Remarks. — Our observations did not extend to this county, but in the Uni- 
versity museum the above fossils were found reported from this county, no local- 
ity being given. Undoubtedly many of the fossils of the Oread limestones may 
be had, as all the Douglas county systems of limestones are present. 



JOHNSON COUNTY. 

PROTOZOA. 
Fusulina cylindrical Olathe, 14. 

CCELENTERATA. 



Carapophyllum torquium^ Cedar 
Junction. 

Lophophyllum proliferum^ Olathe, 
U. 

ECHINODERMATA. 

Eiipaeliyeriiius sp., Cedar 

Junction, 



Zeaeriiius acanthophorus, Cedar 
Junction. 
mucrospinus, Cedar Junction. 

Columns of crinoidea, Olathe, HoUi- 
day. Cedar Junction, DeSoto, 
and Weaver, 11, 13, 14, 22. 



MOLLUSCA. 
BRYOZOA. 

Feuestella Holliday, 22. 

Fistulipora noduUferay Olathe, 14. 
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Syiiocladia biacrkilis, Olathe, Hol- 
liday; 13, 22, 11. 

BRACHIOPODA. 

Athyris subtil ita, Olathe, Holliday, 
Cedar Junction, De Soto, and 
Weaver, 11, 13, 14, 22. 

Choiietes verDfuHiana^ Cedar Junc- 
tion, Olathe, 13. 

meekella strUtto-coHtata, Olathe, 14. 

Orbic-iiloida ? ep., Holliday, 

22. 

Ortliis {carbonari a) lyrcoHi^ Olathe, 
14. 

robtisia, Holliday, 22. 
Produetiis amrriramiH, Olathe, 13. 
f'oatafus, Olathe, Holliday, Cedar 
Junction, 13, 22. 
longispiiiKH, Olathe, 13, 14. 
nrbrafi('( Jiaie, Olathe, Cedar Junc- 
tion, Holliday, 13, 14, 22. 
praffeniamis, Holliday, 22. 

punctaiuR, Cedar Junction, Olathe, 
14. 

Hi/mmetrieuH^ Holliday, 22. 
Retzia mormoni, Olathe, Holliday, 

13, 14, 22. 
Khyiic*hontt11a ?//</, Olathe, 14. 
Spirifera came rata, Olathe and Hol- 
liday, 13, 14, 22. 
lineata, Olathe and Holliday, 14, 22. 
Spiriferiiia kafmasensis, Olathe and 
Holliday, 14, 22. 

Syiitrialasiiia hvmiplicata, Olathe, 
13. 

Terebratula boridms, Olathe and 

Holliday, 13, 22. 



LAMELLIBRANCHIATA. 

Allorisina costata, Holliday, 22. 
reflcxa^ Olathe, 13. 
subcuniata, Weaver and Holliday, 

13,22. 
Htriata. 
AviculoiM*cteii carboniferus, Hol- 
liday and De Soto, 11, 22. 
occidental in, De Soto and Weaver, 
13,22. 
Cyprioardiiia ? rarbonaria, Hol- 
liday, 22. 

E<linoiidia nebraHorntiiH, Holliday, 
••» 

>Iac*r<>doii carbonarius, Holliday, 

Myaliiia aubqnadrata, Holliday, 22. 

sfcfdlovi, Holliday, 22. 
Pseiidoiiioiiotis hawni, Holliday, 

99 



sp., Holliday, 22. 

GASTEROPODA. 

Bellcroplioii craMsns ? Holliday, 22. 

textillifornus, Holliday, 22. 

sp. {jf((rin(/ month ) Holliday, 22. 
Coiiiilaria cruMtnla, Holliday, 22. 

CEPHALOPODA. 
Nautilus todaniis, Holliday, 22. 
ep., Holliday, 22. 

ARTHROPODA. ' ^ 

Pliillipsia major, Olathe and Hol- 
liday, 13, 22. 



LABETTE COUNTY. 



PROTOZOA. 

Fu.suliiia ct/lindrica. 

CCELENTERATA. 



ECHINODERMATA. 

Arc*liaMH*idaris nov. ? 
Arolioei<laris «//. ? 

MOLLUSC A. 

BRYOZOA. 



Canipopliylluui torr/uinmy O. 
Lithostrotioii catiadrnsc, Cast. 
Lopliophylluni proli/rrnm, McCh. ^^l^J^^^'t^^ milleporaceus. 

? sp. 
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BRACHIOPODA. 

Athyris subtilita^ Hall. 
Choiietes mesoloha. 
HeiniproiiiteM craasiis, M. and H. 
Procluctiis americatntSf Mound 
Valley. 

eo8(a(ft8. 

longispinu^ ? 

nebraHcensis^ O. 

jmnctatuH^ M. and H. 

semireticulafftH, M. 

8i/mmrtrici(i9, McCh. 
Spirifera camcrata, Norton. 

plano-convcjrusy Shumard. 
Spiriferiiia kentuckiensis, Shumard. 

LAMELLIHRANCHIATA. 

Allorisiiia Huhcinipafa. 
sp. 



Kdiiioiiclia ? 

Pinna peraeufa, Shumard. 

GASTEROPODA. 

Helleroplion carbonarius. Cox. 

sp. 

Knoinplialiis rug onus. 

MatTo<*heilus ? sp. 

Platyoeras nebraafenttis, Meek. 
Pleiirotoniaria ? 

sp., Mound Valley. 

CEPHALOPODA. 

Asyintooeras newloniy Hyatt. 
Doniatoferas umbiUcatun^ Hyatt. 
Kplioppioeeras diviHum, Hyatt. 
Metai'oeeras walootti, Hyatt. 
Temuoclieilus erassusj McCoy. 
latusy M. and W. 



Avieiilopiiina omeHcana. 

Remarks. -Except for the two fossils credited to Mound Valley, we are due 
to Dr. W. S. Newlon, of Oswego, for the foregoing list. All the fossils of the 
Oswego limestones as given elsewhere may reasonably be looked for in the 
county. Doctor Newlon gave his list largely from memory, and said that it could 
be greatly increased. 



LEAVENWORTH COUNTY. 

PROTOZOA. 



Fnsniina ctjUndrica. 

': "CCELENTERATA. 

Lophopliyllnni proUferum, 
wood and Leavenworth. 



Lin- 



ECHINODERMATA. 

Arc'haHH'idaris sp., Linwood. 

Zear<'Hmis mucrosphnis, Linwtxxl. 

MOLLUSC A. 
BRYOZOA. 

Fonestella sp., Lenape and 

LinwcKxi. 
Fistulipora uodufi/f ra, Linwood 

and Leavenworth. 

HRACHIOPODA. 

Atlijris fiubtilitdj Lenape, Linwood, 
Leavenworth, and Lansing. 



ProdiH'tns americdnus, Linwood. 
lougixpinusy Lenape and Linwood. 
nebrasce7if*isy Lenape and Linwood. 
puuvtatuAy Lansing. 
Spirifera camiraUi^ Linwood and 

Lansing. 
Streptorliynelius hnbraculnm, 

Lansing. 
Syiitrialasma hciniplicatay Lin- 

w(X)d. 
Torebratiila bovidrns, Linwood. 

LAMELLIBRANCHIATA. 

Aviculopoften (unrricana, Lan- 
sing. 
ocf'idcnfaliiiy Lansing. 
rrrtUdterariuSy Lansing. 
Avic'ulopiiiiia auirrwana^ Liinsing. 
Kdnioiidia HulUruticatciy Linwood 
and Lansing. 
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Niiciila i>r/riYi, Lansing. CEPHALOPODA. 

Pinna perar.uta, Lansing. OrtluK-eras rushense, Lansing. 

subapatulatay Lansing. 

ARTHROPODA. 

GASTEROPODA. 

Pleiirotoniaria (abulata. Lansing. l^hillipsia ynajor, Lenape and Lin- 

wood. 

Remarks.— Fine specimens of f^ordiatcH and other plants were taken years 
ago from the coal-shaft at Lansing while linking it. All the fossils of the west- 
ern parts of Johnson and Wyandotte counties may reasonably l>e looked for in 
this county. Detailed lists of the fossils peculiar to each individual stratum are 
to be found in chapter II. 



LINN COUNTY. 

CCELENTERATA. BRACHIOPODA. 

Axophylluni rmlh, La Cvgne. Atliyris subWlta, La Cygne 

Cyatlmxonia riiHtorta, hk Cvgne. <^l^o>"'tes fp anuUjera, La Cygne. 
Lophopliylluni proiifrnun, La ^'^/^^^^'^'Vu'''^, La Cygne. 

Q ^^ Ortliis (carbonaria) peroMi, La Cygne. 

Product us cosffitftH, La Cygne. 
ECHINODERMATA. fonf/tsphuis, La Cygne. 

Ari-ha'oci<laris , La Cygne. praffrru-anus. La Cygne. 

Zeacriniis acanthophovus, La P'i»^<'t(itu>^^ La Cygne. 

Q ^ ^g Ketzia mormon i^ La Cygne. 

mucroHphiu^, La Cvgne. Spirifera oamrmta. La Cygne. 

fhieata, La Cygne. 
MOLLUSCA. pfa7io-fonve.nfHi La Cygne. 

BRYOZOV. Spiriferina kentnckicnahyJjSLCygne. 

Fene.stella , La Cygne. GASTEROPODA. 

Fistiili|H>ra nodnliftr(i. La Cygne. Bc*ller«plion crastiUA^ Boicourt. 
Klionibopora hpidodendroides. La 

Cygne. 
8ynoc*laclia biscn'fdis, La Cygne. 

Remarks.— All the fossils of Bourbon county may be looked for in this county, 
and especially those of the Erie limestone system. 



LYON COUNTY. 

PROTOZOA. BRACHIOPODA. 

FuHulina cf/ilndrira, Emporia. Atliyris subfilita. 

Kliyniiioiiella utOj Emporia. 

MOLLUSCA. Spirifora plarw-vonvexus, Emporia. 

BRYOZOA. 

m*i.^^.K..,w.,.« / • / 7 7 -^ LAMELLIBRANCHIATA. 

KlioniDopora icpidodendroidcH^ 

Hartford. Allorisniu subeuniata, Emporia. 
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Nuciila parva, Emporia. 

veniricosa, 
Nuculana bellistriata, Emporia. 

GASTEROPODA. 

Bellerophoii carbonariua^ Empo- 
ria. 

MarcrcK'heilu.s sp., Emporia. 



Natieop.sis nana, Emporia. 
Pleiirotoinarta iabulata, Emporia. 
sp., Emporia. 

CEPHALOPODA. 

Goiieatites planorbiformis, Empo- 
ria. 



Remarks. — The above is a very meager list from a county which undoubtedly 
will yield all the fossils of the upper Coal Measures found in Shawnee or Wa- 
baunsee counties. 



MIAMI COUNTY. 



CCELENTERATA. 

Axophylliiiii rudis, Fontana. 
Cyatliaxoiiia distorta, Fontana. 
Lopliopliylliiiii proliferutiiy Fon- 
tana. 

ECHINODERMATA. 

Archit^oeularis sp., Fontana. 

Scapliiocriiiiis hcmiMpherkuti, Fon- 
tana. 
Zeacriiiiis acanthophorim, Fontana. 
niuerospinui*, Fontana. 

MOLLUSC A. 

BRYOZOA. 
CliaRtetes mlUcpordceus, Fontana. 
Feiiestella sp., Fontana and 

Paola. 
FLstiilipora nodnlffera, Fontana 

and Paola. 
Rhoiiibopora Icp idode n dro ides, 

Fontana. 
Syiioelaclia biserifiUa, Fontana and 

Paola. 



BRACHIOPODA. 

Atliyris *fw6^/7i7a, Fontana and Paola. 
Clionetes granidifera, Fontana. 

vcrneufliana, Fontana. 

sp., Fontana. 

Ortlifs {carbonaria) pecosf, Fontana. 
Proiliietus coatatus, Fontana. 

longUpinHs, Fontana. 

nebrascensis, Paola. 

pra tten ia n us, Fontana. 

punctafus, Fontana. 
Retzia niormoni, Fontana. 
Spirifera earner (da, Fontana. 

lineata, Fontana. 

plano-convex HS, Fontana. 
Spiriferina kentuckienses, Fontana. 

CEPHALOPODA. 
Nautilus sangamonensis, Paola. 

ARTHROPOD A. 

Philli|>sia major, Fontana and 
Paola. 



Remarks. — All fossils of the Erie system may be looked for in this county; 
also those of the lola limestone and the Bethany Falls limestone of Kansas City. 



. fMVM 
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MONTGOMERY COUNTY. 

MOLLUSC A. 

BRYOZOA. 
Feiiestella ahumardi^ Cherry vale. 



LAMELLIBRANCHIATA. 

AlloriHina cosfata^ Cherryvale. 

granosa, Cherryvale. 
Aviciilopeeteii carhoniferus, 
Cherryvale. 

GASTEROPODA. 

Belleroplioii crassus, Drum Creek. 

CEPHALOPODA. 
Nautilus planovolviH^ Cherryvale. 



Rhouibopora lepiclodcndroiden, 

Cherryvale. 
Synoclaclia hlserialis, 

BRAC^HIOPODA. 

Product US lofif/ispinus, Drum 

Creek. 

Kliyntiioiiella fda, Cherryvale. 
(Very large) sp., Cherryvale. 

Remarks.— The list from this county is short, but we are fully persuaded that 
many of the fossils of the Erie system, the upper section of which is so fossilifer- 
ous at Kansas City and in Bourbon county, and which is exposed across this 
county from north to south, must yield many more species when thoroughly ex- 
plored. 



MORRIS COUNTY. 



Meekolla Htrlato-eosfata, Dunlap. 
Procluotus armlreficulnius, Dunlap. 
Streptorliyiuiuis ( HcmlpronitcH ) 
crciHHUHy Dunlap. 



MOLLUSC A. 

BRYOZOA. 

Feiiestella sfiunKtrdi, Dunlap. 
SyiKieladia InHcrkdis, Dunlap. 

BRA('HIOPODA. 
Clioiietes (franulifrra^ Dunlap. 

Remarks. — Undoubtedly many more fossils found in the Upper systems are 
common to this county. 



NEOSHO COUNTY. 

CCELENTERATA. 
Cyathaxoiiia distorla, Thayer. 

MOLLUSC A. 

BRACHIOPODA. 
Athyris subtiliia^ Osage Mission. 



Spirifera plano-convexua^ Osage 
Mission. 

GASTEROPODA. 

Hellemplioii sp., Osage Mis- 
sion. 



CEPHALOPODA. 

Chonetes mcaoloha, Osage Mission. Nautilus occidf ntaliSy Thayer. 

Remarks. — The fossils of the Erie systems were found in abundance at the 
very borders of this county on the northeast, and undoubtedly can be found in 
the same profusion wherever these rocks appear, in their croppings, as they trend 
across this county to the southwest. 
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OSAGE COUNTY. 



COSLENTERATA. 

Axopliylliiiii rudisy Melvern. 
Syriujaropora mnliattenuata, Mel- 
vern and Lyndon. 

MOLLUSC A. 
BRYOZOA. 

Fenestella sp., Melvern. 

Stiotopora ep., Melvern. 

BRACHIOPODA. 
Athyri« ftubtifita, Melvern. 
Liiil^ula jnytUoideH. 
Ketzia morrnoni^ Melvern. 
Spirifera camerata, Melvern and 
Ridge way. 



Spiriferiiia kentiwkienais, Melvern. 

LAMELLIBRAXCHIATA. 

Allorisiiia marionensis, 

Avieiilope<*teii carboniferus^ Mel- 
vern. 
sp., Melvern. 

£cliiioiidia aubplana^ Melvern. 

Stroptorhyni'hii.s {-Derbya) creni- 
striatua, Melvern. 

Niieiila^^rtriYf, Melvern. 

CEPHALOPODA. 
Goiieatites gfoboaus, Melvern. 



SHAWNEE COUNTY. 



PROTOZOA. 
Fusiiliiia ei/lindrica, 

Tecumseh, Toi)okti, Sugar Works, 
Valencia, and Willard. 

ventricoHO. 
Topeka. 

robxista. 

Willard. 

CCELENTERATA. 
Cyathaxoiiia dinforta. 

Valencia. 
Lopliopliylliiin protifrrum (B). 

Tecumseh, Toixika, Sugar Works, 
and Willard. 

ECHIXODERMATA. 
AreluvoHdaris 

Topeka and Willard. 

Kiipaciiyoriiiiis 

Topeka. 
Zeaoriiiiis avanthophorus. 

Topeka. 

miicrospinus. 

Topeka and Valencia. 

Crinoid columns. 

Tecumseh, Tot)eka, Sugar Works, 
Valencia, and Willard. 



MOLLUSCA. 
BRYOZOA. 

Batost^miolla inieratinota (B). 

Topeka. 

Cha'tetos cnrbonar'nis ? 

Topeka, Valencia, and Willard. 



sp. 

Topeka. 

Cyelopora ?? ep. (B). 

Toi>eka. 

Fenestella compressa (B). 

Top«"ka. 

limitariH ? (B). 

Topeka. 

modfjfita ? (B). 
To^joka. 

seviUensiH ? (B). 
Topeka. 

Lyropora ? sp. (B). 

Topeka. 
Polypora spininodata (B). 

ToiK'«ka. 

sp. cf. tuberculata (B). 

Topeka. 

sp. (B). 

Topeka. 

Khoinbopora Ie2>idodcndrofde8, 

Topeka. 

variitmt (B). 
Topeka. 
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Sept<»|)ora ? 



sp. (B). 



Toiwka. 

Steiiopora rarbondria (B). 

Topeka. 

var. con f Ufa (B). 

Toi)oka. 

Streblotrypa nickleai (B). 

Topeka. 

Syiioi*la<lm hiHvrhdiH. 

Topeka and Valoncia. 
BRACHIOPODA. 

AthyrLs Muhfi/ifa. 

Tocumsoh, Topt'ka, Sutfar Works, 
Valencia and Willard. 

Clioiietes glabra (B). 

Topeka. 

grannlifera. 

ToiMjka and Sugar Woiks. 

I>erbya crasaa (B). 

Tecumtioh and Topeka. 

robust a (B). 

Tecumseh and Topeka. 

Oiscriiia couvexa ? (B). 

ToiH»ka. 

nltida (B). 
ToiK'ka. 

Liii^ula miftilo'Kh H (B). 

Tocumsoh, TojH^ka, and Su^ar 
Works. 

nmbonata ? (B). 

Topeka. 

MeekoUa Htriato-coHtdta. 

Valencia and Willard. 

Ortliis kcokuk (B). 

Topeka. 

Produftus afuf ricanuH. 

Tocumsoh and Tojx'ka. 

cor(t (B). 

Tocumsoh and To|.)oka. 

cost at us. 

Topeka. 

loiiffispinUH. 
ToiKtka. 

nrftraKccnsifi. 
TojK'ka. 

pcrtenutH, 

Valencia. 
punctafus. 

Toi>eka. 
sci/iir* ficufatus. 

Valencia and Willard. 

Kotzia inorniftiti. 
Toi>oka. 

Kliyiielioiic'lla uf(t (B). 

Tocum«M'h, Topoka. ami .Suj^ar 
Works. 

m ft all tea ? (B). 

Su»;ar Works. 



Spirifera camerata. 

Topeka, SugarWorks, and Valencia , 

Spiriforiiia kcntuckienais. 

Topeka. 

Sy iitrialasma hem iplicata. 

Topeka. 

Ter<»bratula bovUlens. 

Topeka. 
L.\MELLIBRANCHIATA. 

Allorisiiia costata (B). 

Sufrar Works. 

ycinitzia (B). 

Suf?ar Works. 

f/rano»(t (B). 

Tecumseh, Topeka, and Sugar 
Works. 

Hubcunlata. 

Valencia and Willard. 

Avicula lotiffa (B). 

Toi)oka. 

Avic'iilopecteii rarbonifcrus (B). 
Topeka and Sugar Works. 

f'OJraniift (B;. 

TojM'ka and Sugar Works. 

hartzrri ? (B). 

Topeka and Sugar Works. 

laaccotii ? (B). 
\Villard. 

occidental is (B). 

Tecumseh. To|)eka, and Sugar 
Works. 

whitri ? (B). 

ToiHika and Sugar Works. 

Avioiilopiiiiia (tfurricana (B). 

ToiM^ka. 

E<liii4>iidia ast)iinvallcnsis (B). 
Sugar Works. 

nrbrasccnsis (B). 
Sugar Works. 

ovata ? (B). 

ToiK»ka. 

Kiitoliiiiii (tvicuUttum (B). 

Tecumstdi, Topeka, Sugar Works, 
and Willard. 

Lima nctifrra (B). 

ToiH'ka. 

Maorodoii tmuistriata (B). 

ToiH'ka. 

>loiiopt<*ra tnariana (B). 

Toi>eka. 

>lyaliii2i pcrattrnuata (B). 

T<»pL'ka and Sugar Works. 

rrcurrirosfris. 

Valencia. • 

sub(pia<b'ata. 

swallitri (B). 

Tecunisi'h, ToiM>ka, and Sugar 
Works. 
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Niiciila ventricoaa (B). 

Topeka. 

Nuoulaiia beUistriata (B). 

Topeka and Sugar Works. 

var. attenuata (B). 
Topeka and Sugar Works. 

Pinna auhnpahilain (B). 
Tecumseh. 

PlaeuiiopHis carbonaria (B). 
Topeka. 

Prothyris elcgans (B). 

Topeka. 

Soleiiomya radiata (B). 

Topeka. 

Schizodus curtus (B). 

Tecumseh, Topeka, and Sugar 
Work.s. 

curt i forme ? (B). 

Tecumseh and Topeka. 

GASTEROPODA. 

Belleroplion hrUus (B). 

Topeka and Sugar Works. 

carbonarhttt. 

Topeka, Valencia, and Willard. 

era88iis. 

Tecumseh and Willard. 

inonifortanus (B). 

Sugar Works and Willard. 

percarhiatus (B). 

Toixjka and Sugar Works. 

I^oxoiienia sp. (B). 

Topeka. 

Macroflieiliis an(fuliferiin (B). 

Topeka and Sugar Works. 

jyaludinn'foruiiH (B). 
Toix»ka. 

j)rhnUf('yrius (B). 

ToiK'ka and Sugar Works. 

ToiK.»ka and Sugar Works. 



Natieopsi8 nana (B). 

Topeka and Sugar Works. 

ventrico8U8 (B). 

Tecumseh, Topeka, and Sugar 
Works. 

wheeleri (B). 

Tecumseh. 

Ortlionema subtveniata (B). 

Topeka. 

Pleiirotoinaria grayvillensis (B). 

Topeka. 

illinoien8l8 (B). 
Topeka. 

perhumeroHa (B). 
Topeka. 

8ph(jeridatn (B). 
Topeka. 

8ubdeeu88ata (B). 
Topeka. 

^ (abidafa. 

Tecumseh. 

CEPHALOPOD.A. 

Nautilus oruu'dentalis (B). 

ToiHjka and Sugar Works. 

pondcro8U8 ?? (B). 
Toi>eka. 

ARTHROPODA. 
Pliillipsia major. 

Topeka. 

8citida (B). 

Tecumseh, Sugar Works, Willard. 

VERTEBRA TA. 
Petahulus drstrucior (B). 

Tecumseh and Toi>eka. 

A fish tooth. 
Toix'ka. 



WABAUNSEE COUNTY. 



PROTOZOA. 

Fiisiilina eyrmdrica (P), Maple Hill, 
Buffalo Mound, Paxico, McFar- 
land, and Alma. 
robuMta, Maple Hill. 

CCELENTERATA. 

Canipopliylluni iorquium (P), Buf- 
falo Mound. 

Lopliopliylliini pnth'/rrum, McFar- 
land. 



ECHINODERMATA. 



Arc*li;v<M*i<laris 



sp. (P), Alma 



and McFarland. 

EiiimcliycTinus sp., McFar- 
land. 

Zeacrinu.s aoanthophoru8, McFar- 
land. 
mu<',roHj)inH8y McFarland. 

Crinoid stems and plates of head (P), 
Alma and McFarland. 
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MOLLUSC A. 

BRYOZOA. 

Cha^tctes carhonarhis ? McFarland. 

sp. (P), McFarland. 

Rhoiiibopora lepidodendroides, 

McFarland. 
Syiiocladiii bisertah's, McFarland. 

BRACHIOPODA. 

AthyriH subtilUa (P), Maple Hill, 
Buffalo Mound, Paxico, McFar- 
land, and Alma. 

Avieulopeeteii occidcntalis (P), Mc- 
Farland. 

Clioiietes glabra (P), McFarland. 
granulifera (P), Maple Hill, Buf- 
falo Mound, Paxico, McFarland, 
and Alma. 
verncftiliana (P), Buffalo Mound. 

Derbya crassa ? (P), McFarland and 
Alma. 

Disoiiia uitlda (P), McFarland. 

Meckella striaio-coatald (P), Buf- 
falo Mound, McFarland, and 
Alma. 

Prodiictus cora, (P), McFarland. 

lon(jtii])hii()i (P), Buffalo Mound 

and McFarland. 

7ifbf'((iiecnsis (P), McFarland and 
Alma. 

«c/7i/;v7<c?/^f(^/.s'(P), Buffalo Mound, 

McFarland and Alma. 

sijmmrfricHH (P), McFarland. 

Remarkh. — When doin^ the strati^raphic work of the KansaR river section, 
chapter VI, the time waR so limited while in this county that but little attention 
could be given to the fo8f?il fauna. Since then, the paper, by Prof. Charles S. 
Prosser, on ** Kansas River Section of the Permo-carboniferous and Permian 
Rocks of Kansas," has been received, in which is a list of fossils given as found 
in several places in this county, all of which have Ijeen copied and designated by 
the letter P. All others reported in the same columns from McFarland were 
gathered in less than 10 minutes' time, in an open field about a mile and a half 
southeast of that town, and are from the shales immediately below the important 
limestone, which we have described in our section as lying first below the Alma 
or Cotton W(mm1 Falls rock. 



HiiHteclia {retzia) niormonU McFar- 
land. 

Rliynolioiiella ida (P), Buffalo 
Mound and McFarland. 

Spirifer camcratus (P), Buffalo 
Mound and McFarland. 
])la7iO'Convexu8 (P), Buffalo Mound 
and McFarland. 

Spiriforiiia kentuckicnsis (P), Mc- 
Farland. 

Syiitrialasiiia hemiplicata (P), Mc- 
Farland and Alma. 

Terebratiila bovidens (P), McFar- 
land. 

LAMELLIBRANCHUTA. 

Allori.siiia (jcinitzia (P), Buffalo 
Mound. 
Hubvuyieata (P), McFarland. 

Pinna pvravida (P), Buffalo Mound. 

Myalina subf/ttadrata (P), McFar- 
land. 

]*s€'iidonionotis hawni (P), Alma. 

(GASTEROPODA. 

Straparollus {buomphafus) sifbru- 
gosus. 

ARTHROPODA. 

Fhillipsia tiriftda (P), Buffalo 
Mound and McFarland. 
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WILSON COUNTY. 

PROTOZOA. BRACHIOPODA. 

_, -. ,. , . XT J u nn Atliyris sw6^7i7a, Neodesha, 11. 

^ ' ' Clionetes vcrneuiliana, Neodesha, 

CCELENTERATA. ^^• 

Derby a sp., Neodesha, 11. 

Cyathaxoiiia disiorta, Vilas. Ortliis {carbonaria) pecoai, Neode- 
Lopliopliylliiiii proliferuni^ Neode- sha, 11. 

sha, 11. ProdiK'tus eostatus, Neodesha, 11. 

longispinuH, Neodesha, 11. 
ECHINODERMATA. Bi,mnietricus, Vilas. 

ErlMK-riuus typiis, Neodesha, 11. "♦'♦^•» mormoni, Fredonia. 

Zeacriiui-s mHcrosphms, Neocleeha, ^•»!"*<""|* '^«'»f'-«'". Neodesha, 11. 



y* Spiriferiiia kvntuckiensia^ Neode- 

OLLUSCA. Syiitrialasiiia hcmiplicata, Guil- 

BRYOZOA. ford and Neodesha, 11. 



Cliae totes sp., Neodesha, 11. GASTEROPODA. 

Fistiilipora nochdifcrn^ Fredonia. Belleropliou sp., Neodesha, 

Syiiocladia hiaerialiff. 11. 

Remarks. — All the fossils found in the limestones and shales between them 
at lola, Allen county, may reasonably be looked for in the same formations in 
this county. 



WOODSON COUNTY. 

CffiLENTERATA. StreptorhyiiehiiK crassus, 

T^opliophylluiii proNfcrum, Neosho ('rcfiistriatus. 

Falls. 

MOLLUSCA. 

BRACHIOPODA. 

Procluetus coHtatus^ Neosho Falls. 

Remarks. — This is a very small showing for this county, but it undoubtedly 
results, as in several other cases, from lack of observation, for the fossils of the 
Carlyle and Garnett systems undoubtedly go with these limestones into this 
countv. 
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PROTOZOA. 

Fusiiliiiai rt/fhidrirn, Edwardfivillo, 
11. 

COi^LENTEKATA. 

Ax<»i>]iyHiiiii ru(h's, Kansas City and 

Pomeroy, 11, 22. 
CaiiipopliyHuiii iorf/tniufi, Kansas 

City and Ponieroy. 11, 22. 
Cyatlia.voiiia flisiortd, Kansas City 

and Pomeroy, 11, 22. 

I^O|K>pliyllii]ii j)roU/( rtnn, Kansas 

Citv, pAhvardsvillcand Poniorov, 
11/22. 

Mic'lioliiiia rufitiun, Pomoroy, 11. 

Syriiif^:<>iM>ra innltditi nudtft, Kan- 
sas City. 

ECIIINODKKMATA. 

Aj»:assiz<K*riinis (•(irhmmr'nis, Kan- 
sas City. 
AiH*liiV<K*i<laris nun-riHtdtus, Kan 
sas City. 
(rittf rraf((, Kansas C^ity. 

sp., Kansas City and Kd- 

wardsvillo, 11, 22. 

s])., Kansas City. 

KrisocTiims tjj/tf/s, Kansas City. 
Kupac'liycriiins c/yz/V//, Kansas City. 
fi(hfr('i(f(tftfft^ Kansas City and Ed- 
wardsvillo, 11. 22. 

sp., Kansas City, 22. 

(xrai>]iio<*riiiii.s sp.. Kansas 

City. 
Pot€»rH>oiiillls hnn/i/if lisi's, Kansas 

City. 
S<*aplii<>i*riiiiis he mispht ricn.^. Kan- 
sas City. 
Zcacriiiiis aomttliojKtruH, Kansas 
City and PonuToy, 11, 22. 
(liiiCiia, Kansas City. 
htt/rrffftpfnuft, Kansas City and 

Pomeroy, 11, 22. 
tj/pffn^ Kansas City. 

20 



VERMES. 

S4'r|Hila inrifd, Kansas City. 
Spirorbis rftrhonaritt, Kansas City 

MOLLUSC A. 
BRYOZOA. 

Cliivt€*tcvs ('arJ)Onfn'hiH ? Kansas 

CUty. 
Fc»lH^stc»lla sp., Kanstis City 

and Pomeroy, 11, 22. 

sj)., Kansas City, 22. 

Fistulipora fnxhthft rrt, Kansas 

City, Edwardsville, and Pom 

eroy, 11, 22. 
(ilaiicoiioiiir /// j'f ides, Kansas City. 

22. 
l*olypora suhnHii'ifiiKda, Kansas 

Citv, 22. 
Klioiiibopora h jtidndt tiffrohf* s, 

Kansas City, Edwardsville, and 

Pomerov, 11, 22. 
Syiiociadia hisrrinlitt, Kansas Citv, 
•22. 

nHACHIOPODA. 

Atliyris finhlann Unfta, Kansas City, 
•» 

sKhijnft(/rtd(f, Kansas City. 
subt'difii, Kansas City, Edwards 
ville. Turner, and Pomeroy, 11, 

triiKiL'lia, Kansas City. 
Clioin»t4"s f/ntmifi/f r(f^ Kansas City. 

niilhj)tnfrfafff, Kansas City. 

jKirrns Kansas City. 

stnitliK Kansas City. 

rcntcffififfuff, Kansas City. 
Kiiij^iila ((irhdndrid, Kansas City. 

im lit\ Kansas City. 

scotUi, Pomeroy, 11. 
MiM'kdla sfrhtfo-costafo, Kansas 

City. 
(>rbic*iil4>ida ? sp., 22. 
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OrtliiH {carbonaria) pecoai, Kansas 
City. 

robusta, Kansas City. 
Pr<Hlnctns altonensisy Kansas City. 

americcmusj Kansas City, 11, 22. 

cora, 22. 

costal U8, Kansas City, 22. 

longiapinxis, Kansas City, 11, 22. 

nebrascensis, Kansas City, Ed- 

wardsville, and Pomeroy, 11, 12 ? 
22. 

pcrtenuis, Kansas City, 11. 
prattetiUmus, Kansas City, 22. 
jnmctatu8, Kansas City, 22. 
semireticulaUia ? Kansas City. 
symmctricus, Kansas City, 22. 
Retzia mormoni, Kansas City, 22. 

vera ? 22. 
Rhyiielioiiella uta^ Kansas City. 

sp., Kansas City. 

Spirifera camaratay Kansas City, 
Edwardsville, Turner, and Pome- 
roy, 11, 22. 
lincata, Kansas City, 11. 
planO'Convexus, Kansas City. 
Spiriferiiia kentuckiensis, Kansas 
City, Edwardsville, and Pome- 
roy, 11, 22. 
sp., ^^ 



Streptorliyiifus crassua, Kansas 

City. 

critiistriatus, Kansas City. 

Syiitrialasiiia hcniipHaata^ Kansas 

City. 

Terebratiila bovidena, Kansas City, 

Edwardsville, and Pomeroy, 11, 
22. 

LAMELLIBRANCHIATA. 
Allorisiiia oostata^ Kansas City, 22. 
f/ilbcrtiy Turner. 
f/ranoMay Kansas City. 
pU'uroplHthd. 
rcflcxa^ Kansas City. 
rcffufnris^ Kansas City. 
Mr'uitd, Kansas C^ity, 22. 
nubrunf.fifa, Kansas iCty, 22. 
snbrief/ans, Kansas City. 



Astartella concentrica, KansasCity. 

gurleyij[Ksin6SLB City. 

vera, Edwardsville, 11, 22. 

sp,, Kansas City. 

Avicula lo7iga, Kansas City, 22. 

Aviculopccteii carbotiiferus, Kan- 
sas City, 22. 

coryanus, 

coxanus, Kansas City, 22. 

harlzeri, Kansas City, 22. 

interlincatus, Kansas City. 

rtiaccoyly Kansas City, 22. 

occf dental is f Kansas City, 22. 

providencensis, 22. 

tvinrhellij Kansas City, 22. 

sp., Kansas City, 22. 

sp., Kansas City, 22. 

Avieulopiiiiia americana, Kansas 

City. 

Cardioiiiorplia inissourieyisls, Kan- 
sas City, 22. 

Cha»iioiiiya leavemvorthensis, Kan- 
sas City. 

maria\ Kansas City. 

Couoeardiiiin obliquam, Kansas 
City, 22. 

Cypricardella oblonga, 22. 

Cyprieardiiiia carbonaria, 22. 

Ediuondia aspimvallensis, Kansas 
City. 

glabra, 22. 

nebrascensis, Kansas City, 22. 

ovata, Kansas City. 

rejlexa, Kansas City. 

subplana, 

subtruncata, 22. 
Lima retlfera, Kansas City, 22. 
Macrodoii curtus. 

carbonarius, Kansas City, 22. 

obsolctus, Kansas City, 22. 

tenui striata, Kansas City, 22. 

Modiola subeliptica, Kansas City, 
22. 

Monopteria gibbosa, Kansas City, 
22. 

lonqispina, Kansas City and 
Turner, 22. 

marian, Kansas City and Turner, 
22. 
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Monotis (/re(/aria, 22. 

Myaliiia katisnttensift, Kansas City. 

p€ra((rnua((t, Kansas City. 

ri»,rurviro8trh, Kansas City and 
Turner, 22. 

aiibquadrafa, Turner. 

8walfovt\ Kansas City and Turner, 
22. 

Niieiilu pftrvd, Kansas City, 22. 

ventrivonay Kansas City, 22. 

Niieiihiiia belfistriafa, Kansas City, 
22. 
sp., Kansas City. 

Pinna prracutff, Kansas City, 22. 

«ithsp(ttulat(t, Kansas City and Ar- 
gentine, 11. 

Plouropliorus anqulatuH^ Kansas 
City, 22. 

ohlonyusy Kansas City, 22. 

oecidentdtiH, 22. 

tropi(ioj)horfti*, 22. 
Protliyris elcgnns^ Kansas City, 22. 
P.seiid4>iiioiiotis hawni ? 22. 

sp., 22. 

Saii^iiiiiolites ohliqum*^ K.^nsas 
City. 

8i*]iizo<liis curtHS^ Kansas City. 

rofssicHS ? 

whceleri, Kansas City, 22. 

sp., Kansas City. 

Soleiiiya {soUnotn^f/a) radiata. 

rhomhot/da, Kansas City. 

Soleiiopsi.s HclfHoidcK, Kansas City, 
22. 
sp. 

Streblopteria sp., 22. 

Yoldta Hteventioni^ Kansas City, 22. 

sp., Kansas City, 22. 

A large spechmn 5xG in.. Turner. 

GASTEROPODA. 

Aolis minnUt, Kansas Cky. 

Belleropboii ((trhonarfuti^ Kansas 
City. 
crfissNSy Kansas City. 
marcoiutfitis, Kansas City, 22. 
fnont/ortanusy Kansiis City. 
lie rear hiatus, Kansas City. 
Hit vruHcinuH, Kansas City, 22. 
trxtilUforiiiiH, Kansas City, 22. 
triaannaluH, Kansas City. 



Oaw.sonella meeki ? Kansas City. 

I>entaliiiiii mcckanum, 22. 

£iioiiiplia1iiM suhrugosus, Kansas 
City. 

rugosua, Kansas City. 

Loxoiieiiia rugosumy 22. 

sp. 

Macroc'lieilus infcrcalarisj Kansas 
City. 

mcdUdiHy Kansas City. 

ncwberrijiy Turner. 

prhnigcniuHy Kansas City. 

sp., Kansas City. 

Miirc'liiNOiiia sp., Turner. 

Naticop.sis altoncnsls. 

giganda, Kansas City. 

niel(tnoidcSy Kansas City. 

fnonoh'frniy 22. 

tuttiOy 22. 

HubovntHy Kansas City. 

vetitricosa, 22. 

whrcfrri, 22. 

Platyceras ncbrdscenscy Kansas 
City. 

Pleiirot<»iiiaria bonharborensis, 
Turner, 22. 

broadhc((dt\ Kansas City. 

carbonanuy Kansas City. 

eonifnrmiSy Turner, 22. 

co.vana, Kacsas City, 22. 

depr(8sa, Kansas City. 

gragrillensiSy 22. 

h(ti/denanaj Kansas City. 

iuornatd, Kansas City, 22. 

tnarcouandy Turner. 

ncirporteuHiHy Kansas City. 

)>erbuuien)8((^ Kansas City. 

spri'toxcty 22. 

sphifruUtta^ 22. 

siibdccnHAutHy Kansas City. 

ttdnUatfty Kansas City. 

tuniida^ Kansas City. 

furbhu/ormia^ 22. 

rrt/rdti/ormts ? Kansas City. 

sp., Kansas City, 22. 

Polyplieiiiopsis nitidula, Kansas 

City, 22. 

hiornafa, Kansas City, 22. 

pvrarufay Kanmis City. 
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Pupa ritii.std^ Kansas City? 
Straps! roll us jfUotorhis, Kansas 
City. 

pl(tnii<j}irus, Kansas City. 

Ht/hriff/osfts, Kansas City. 

muhHicains^ Kansas Citv. 

» ft 

sp., Kansas City. 

Tra<'li.v<loniia nodoHinn, 22. 

JioUUUti/i. Kansas City. 
Turritolla {acoiHsiiuf) Ht( vcm^ana. 

22. 
C<uiularia (a Pff r^jjod) crusfHla. 

- cri *>*) 

(^EPHALOrOI)A. 

C.vrtor<»ras sp.. Turner. 

Cioueatitc's hioni, Kansas City. 

sp. ? 

sj). ? Kansas City and Tur- 



. ncr. 
Nautilus ? capftx. 
fcrrainn, 22. 
f/hihtfftts, Kansas C'ity. 
hisrlfrnsis, Kansas City. 
ni issof/rif Hsf's^ 22. 



Nautilius ? oco iff oitalis. 

planorbi farming Kansas City. 

}^la}}Ovolvi8. 

ponrfrrosus^ Turner. ^ 

ftaiif/cononrnsis, 22. 

fodamii*, Kansas City, 22. 

sp., 22. 

OrtluK'oras inunstrianum^ Kansas 
City. 

rdshensr, 22. 

ARTHROPOD A. 

Pliillipsia h)(ij<tr, Kansas City and 
Ponieroy, 11, 22. 
scf'fffht, Kansas Cit>', 22. 

VERTEBRATA. 

I*<»ripristis (•i{noj)fj/r'hus^ Kansas 

City. 
l*<»talo<lus fhstrtff'/(tr, Kansas City, 

srfni(i/'c(tf(H'fs, Kansas City. 
l*c»tro<lus oofidrnff/h's^ Kansas City. 
A fish tooth. Edwardsville. 



Re.marks.- Many of the fossils, it will he seen, are simply reported from Kan- 
sas City without ref(^rence to any particular stratum. Of these the greater 
number were ^'athend during a series of years without any refj^ard k> their strati- 
jj:ra])hic ])osition, and therefore the exact horizon is not known. Many were se- 
cured l)y the State University by i)urchase, and were labeled simply {is obtained 
at Kansas City. My own private collection was lar<rely made there and labeled 
as cominf( from there, and it is only where memory serves me well tluit the strata 
from whence the fossils were taken is given. Fossils from the oolitic stratum 
have certain lithologic characteristics in the adhering limestone by which their 
locality can never be mistaken. The* fo.ssils rei)orted from Edwardsville are from 
the etiuivalent of the lola limestone of Kansas City: those of Turner from the 
black chert limestone and oolitic strata. Those from Pomeroy are from the same 
systems as at Edwardsville. Some fossils of the Coal Measures have been re- 
ported from Sumner, Riley, (leary and other counties ylong the Permo-carbonif- 
erous areas of th<» state, but they are few, excei)t those from Riley county, as 
reported by Swallow, Pn)sser, and others. No tables, therefore, are given, but 
for further information see chapter VJ, (m the Kansas river section. 

Some few counties north of the Kansas river have l)een given a place in this 
chapter, but Doni])han county does not appear in the tabulation. For the fos- 
sils found in said county diu-ing the Survey, see chapter II, on the Missouri river 
sectit)n. 
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(GENERAL REMARKS. 

With a ft'vv exceptions, all the orj^anic nMiiains heroin euiimeratt^d are to be 
found in the musetini of the State UniveiPity, that institution having? secured 
them eith<T })y purchase, or throuj^h the labors of its collectors. Kansas itself 
has furnished no little .shartM)f that excellent collection : and Mesozoic as well as 
Paleozoic specimens are to be found then\ It contains some of the rarest speci- 
mens in the country. 

It will be seen that mu<'h more has bet»u reported from some counties than 
others: l)ul this must not be taken as an indication that in some counties the 
organic remains are fewer in the number of genera and s[>ecies than in others. 
This mav result onlv from the fact that we have been able to Lnve closer observa- 
ti<m to the rocks of the counties in which the tables are fuller. Wyandotte 
county, for example, has had months, where others, such as Wils<jn and W(xxl- 
son or Greenwood, have had but Ivovu-s. This explanation will hold ^ood in the 
case of Bourbon c«)unty, where 1 have made my home for the past four years. 
The neighborh<K)d of Kansas City has had many observers, as well as the spare 
moments of eleven busy years duriuL^ my residence there. Many of the counties, 
such as Green wikhI, Elk, Wabaunsee, Jetferson, etc., we are fully persuaded, 
which have but short lists, are rich in fossils. We must also have railn)ad cuts 
or «[uarries in order to find sp«'('imens in cjuantities and a state of preservation 
suitable for their identification, and, from the nature of thinfrs, such places are 
limited. 

The Mississippian rocks only ap])ear in a small district in the extreme south- 
eastern corner of the state, in Cherokee county, the fossils of which are of the 
Keokuk and Chester types. The fossils here are mainly casts, especially in the 
chert formations, an«l therefore ditlicult to identify. The limestones are largely 
made up of crinoid fraijinents, but so triturated and crystalized ih'at l)ut few 
specimens can be taken. ex(!ept in upi)er layers alon^ Spring river. Many of the 
cavities in the chert made by the carryinjj: away of the calcareous portions of the 
fossils, whether corn Is, crinoids, or mollusks, have been lined by the common 
minerals of lead or zinc of the region. 

The lower Coal Measures are characterized ))y their abundance of certain 
species which either do not appear above, or if they do, become much more rare. 
For instance, the little Brachiopod C/ifnn frs tnrfittfohft has not thus far, to my 
knowledge, been found a))ove the Bethany Falls limestone of Broadhead, which 
corresponds with the lower member of the Erie system of Bourl>on county. And 
the I)inc'nt(i iiithffij while it abounds in the lower formations, isa very rare fossil 
alK)ve the same Erie system. Ch())utcH (frdiinliffrti is rare and small in lower 
strata but very abundant and very large in the upper strata, and especially in 
the iipmediate neighborhood of the Cottonwood Falls limestone, ^ff'('ke^a 
Hf.riato-('(fi<f((fa, while it ranges all the way from the lower limestones of the 
Coal Measures upwards, is found more abun(hint above, but of gigantic propor- 
tions in the lowest important limestone of the series - the Fort Scott cement. 
Fusiflhnt is very rare in the lower strata, h)ut abounds in the upper, some layers 
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being almost literally made up of this little rhizopod. The Echinodermata — 
family ArchaBocidaris — begin in the lower limestones, abound in the region of 
the Topeka limestones, but decrease in numbers in the higher formations ; al- 
though increasing in robust forms. 

Among the Bryozoans, Chivtetcs abounds in very large masses in the lower, 
but is represented by small forms in the upper rocks. In its ramose forms it does 
not vary much in the entire range of rocks in size or quantity. Enormous Crinoid 
columns are found in the cement limestone of Bourbon county, and no limestone 
in the whole series is destitute of the exuviae of the Crinoidea, although in no other 
are they even approximately so large. The only Pteropod fossil, so far observed," 
is the genus Conularia, one species of which — Conularia crufitula — has only 
been found until recently in a thin calcareous clay, not over eight inches thick, 
in the Kansas City series, near the middle. Although most abundant in this 
clay in the bluffs of Kansas Cit>', it is to be found in the same geologic horizon 
as far west on the Kansas river as Cedar Junction, where it disappears in the 
common westerly dip. During the past summer, however, it was discovered in 
the bituminous concretions which abound in the shales below the cement rock 
in Bourbon county. The characteristic Coal Measure fossil, Athyris subtilita, 
like the Crinoidea, is found in every limestone. St/ntriafasma hemiplicaia is 
very rare except in the lower Garnet t limestone found at Ottawa, Eudora, Lin- 
wood, and north of Olathe. In this it abounds and is found in excellent preserva- 
tion, especially at Eudora. The genus Ooneatitcx is very rare, but found in the 
whole series. 

The richest of all the strata in the abundance and species of its fauna is the 
oolitic stratum of Wyandotte county. Over 100 species have been found in it; 
and a strange feature of this intensely interesting rock is the fact that it contains 
types which might be looked upon as Permian — such as PseudomonotiH hawnif 
of the AvicuUihv family, and some of the AviculojycvtenH of the Pcctenidce 
family. 

The general summary of the invertebrate fauna is as follows: 

Protozoa 3 species. 

C(»>lenterata 8 "• 

Echinodermata 20 " 

Vermes 2 *' 

Mollusca 224 ** 

Arthropoda 6 ** 

Total 263 species. 



INDEX. 



A. 

Abilene 128 

Adams, Geo. 1 2, 3. 98. 131 

Addendum to chapter 1 33 

Alma 123 

Altamont limestone 22 

Amazonia 70 

Americus limestone 80 

Anticlinals and synclinals in Cottonwood Falls Series 84 

Anticlinals and synclinals, relation of to oil and gas 239 

Areal topography 213 

Argentine 107 

Argentine, a geologic section at 51, 112 

Arkansas City 9 

Atchison 62, 63 

Atchison, section at 65 

Atchison, section west from 140 

Austin 76 

B. 

Bailey, Prof. E. H. S 1, 229. 241 

Bandera flags 44, 93 

Baxter Springs 35, 129 

Beede, J. W 161 

Bennett, Rev. John 2, 25, 41, 43, 47, 76, 86, 107 

Bethany Falls limestone 107 

Bigelow 143 

Bituminous shales of Kansas 63 

Blake, Prof. L. 1 227 

Blue Mound 100, 113 

Blue Rapids 144 

Blue Rapids, gypsum at 144 

Blue river 10, 143 

Boicourt 44, 100 

Bonita 9 

Bonner Springs 109, 110 

Broadhead, Prof. G. C 57, 68, 69, 70, 107, 109. 150 

Bronson 25, 96 
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Brooks 24 

Brown, G. W 233 

Buffalo Mound, section of 120 

Burden 28 

Burlingame 104 

Burlingame limestones and shale 105, 226 

Burlington 79 

Burrass, Riley 19 

C. 

Caney ". 27, 28 

Carlyle limestone 7S. 98. i;{3, 159 

Carter. R. W 5 

Catalogue of Invertebrate Fossils 270 

Cedar drove 84 

Cedar Junction 110 

Cement rock of Fort Scott 21. 89 

Contralla 112. 144 

Chanute 129, 148 

Chanute, well at 77 

Chapman 126 

Characteristics of the Coal Measure limestones 165 

Characteristics of the Coal Measure sandstones 168 

Characteristics of the Coal Measure shales 170 

ChfMincal proi)ertles of coal 227 

Chepstow 1 44 

Cherokee shales 18. 37, 40. 150, 221 

Chorryvale 18, 26. 35, 129. 130. 148 

Chicago Mound 80 

Clements 84 

Coal 19, 20. 27, 38. 63, Ti, 218 

Coal beds, dip of 39 

Coal beds, geologic position of 221 

Coal beds, resume of stratigraphy of 227 

Coal fields of Kansas 218 

Coal Measures 150 

Coal Measures, division of 45, 179 

Coal Measure limestones, characteristics of 165 

Coal Measure sandstones, characteristics of 168 

Coal Measure shales, characteristics of 170 

Coal Measure soils 256 

Coal Measures, thickness of 178 

Coal mining in Kansas, probable future of 230 

Coals, physical and chemical properties of 227 

Coal, "rusty" or "red" 87, 88 

Coffeyville 9, 129, 130 

Colony 26, 135 



Index. olS 

Columbus 19. 20. 38 

Composite topography, absence of along Kansas river 207 

Composite topography, absence of along Osage river 210 

Concretions in shale at Fort Scott 88 

Connor 57. 71 

Corals at Fort Scott 89, 90 

Corning 110 

Correlations 193 

Cottonwood Falls limestone 81, 83, 106, 123, 125. 112, 164 

Cottonwood river 1 

Cottonwood river, section at 82 

Cottonwood shales 164 

Crane, W. R. 3 

Curtis, Mr 82 

D. 

Deer creek limestones 117 

De Soto 110. Ill 

Doniphan 65, 70 

Drainage of Kansas 9 

Dunlap 81 

Dutcher, Joseph 81 

E. 

Edwardsville 57, 71, 110 

Elevations of points in Kansas 9 

Elk river 24 

Elk Falls area 25, 26 

Elmdale Mills 84 

Emporia 80 

Emporia limestone 80 

Englevale 42 

Erie : 76 

Erie limestone system 25, 45, 76, 95, 131, 154 

Erosion of rivers 196 

Erosion of surfaces 202 

Eskridge 106 

Eudora 113 

Explanation of work done 1 

F. 

Fall Leaf 113 

Fall River *. 148, 149 

Fanning 68 

Faults 176, 192 

Fertilization of soils 263 

Fissures 39 



314 University of Kansm Geological Survey, 

Flagging stones of Bourbon county 94 

Flagging stones at Bandera 44, 93 

Flagging stones at Fort Scott 44, 93 

Flagging stones at Gilflllan 44. 93 

Flagging stones along the Neosho rive^f 75 

Flint Beds, Lower 188 

Flint Beds, Upper 189 

Flint Hills 9, 27, 216 

Florence flint 189 

Fort Riley 125 

Fort Riley, section at 126 

Fort Riley limestone 190 

Fort Scott 21, 35. 40, 41, 148 

Fort Scott, cement at 21, 89 

Fort Scott coal 45 

Fort Scott flaggring stone 44. 93 

Fort Scott limestone 21 

Fossils, Invertebrate, Catalogue of 270 

Frankfort 142, 143 

Fredonia '. 18. 26 

G. 

Galena 16. 17, 19. 148 

Garnett limestone 49, 58. 60, 79, 101, 135, 159 

Gas, properties of 242 

Geographic extent of oil and gas territory 235 

Geology of oil and gas 236 

Geologic structure, classification of 12 

Geologic structure of Kansas 10 

Gilbert, J. Z 2 

Gilflllan flags 44, 93 

Girard 21, 35, 41, 148 

Glacial soils 259 

Gould, C. N 30, 31 

Granada 142 

Gravels, surface 246 

Greeley 134 

Grenola 27 

Griffiths, Walter 3 

Gypsum, deposits of, at Blue Rapids 144 

H. 

Hall. John G .' 2, 99 

Hallowell 38 

Hammond 43 

Harnley, J. H 4 

Hartford 80 
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Hartford limestone 80 

Harvey, C. W 19 

Harveyville 105 

Haworth, Prof. Erasmus 1, 93, 98, 100, 129, 145, 218 

Hawthorn 141 

Hay, Prof. Robert 34, 124 

Hayden, and Meek 59, 60, 122 

Hesper % 137 

Highland 68 

Hillsdale 48 

Holliday 109, 110 

Horsebacks 39 

Huntsman, Miss Hattie M 5 

I. 

Inclination of strata 173, 192 

Independence limestone 23 

Indian Hill 126 

Invertebrate Fossils, Catalogue of 270 

lola 26 

lola limestone 24, 25, 47, 55, 56, 77, 97. 101, 109, i;{2. 158 

lola, well at 78 

Iowa Point 70 

Iowa Point, section at 69 

Irrigation, state board of 3 

J. 

Jersey creek 55 

Johnson, H. H 5 

Joplin 16 

Junction City 126 

K. 

Kansas City 9, 35, 44, 57, 108, 149 

Kansas City, section at* 50 

Kansas river 203 

Kansas river, life history of 208 

Kansas river, tributaries to 206 

Kansas soils 259 

Keyes, C. R 150 

Kickapoo 61 

Kimmel, Joseph 75 

Kirk, M. Z 1, 4, 72, 134 

Knerr, E. B 3, 62, 140 



310 Univcrsiti/ of Kanms Geoloijical Survey, 

L. 

La Cygne 44, 45, 47. 100 

La Cygne. high bluffs near '. 46 

Lane *'marble" 50 

Lane shales 48, 79, 134, 159 

Laneville ^ 74 

Lawrence 79 

Lawrence shales 60, 79, 102, 113, 136. 160. 225 

Lawrence shales, coal in 137 

Leavenworth 59. 60. 149 

Leavenworth, deep well at 36 

Leavenworth Junction , 58 

Lecompton 114, 115 

Lecompton limestone 1 16 

Legislature, act of 1 

Lenape 110 

Le Roy 26 

Limestones, characteristics of 165 

Limestones, characteristics of Cottonwood Falls 167 

Limestones, characteristics of Erie 165 

T^imestones, cliaracteristics of Garnett 166 

Limestones, characteristics of Tola 166 

Limestones, characteristics of Oread 1 66 

Limestones, characteristics of Oswego 165 

Limestones, characteristics of Pawnee 1 65 

Limestones. Coal Measure, ratio of, to shales 177 

Limestone, Permian, ratio of, to shales 191 

Limestone, thin, in Cherokee shales 39 

Linwood 111. 113 

Logan, W. N 4 

Longton 26 

Lower Flint Beds 188 

M. 

Manhattan, a section at 124 

Maple Hill 120 

Marais des Cygnes river 2 

Marmaton river 86 

McClung, C. E 1 

McFarland 122. 149 

McGlaughlin, Mr 96 

Meek and Hayden* 59, 60. 122 

Military res<Tvation 60 

Mississippi river 9 

Mississippi valley 11 

Mississippian Series 16, 35. 147 

Mississippian dip of surface, is it oil and gas producing? 2?8 



Miasissippian, surface erosion of IG. :^t) 

Missouri river ; 3, 10 

Moran 2n, 9<), 07 

Monrovia 141 

Morohead 131 

Mound City coal \'^ 

Mound Valley 17. 148 

Mound Valley limestone 23 

Muncie. bluffs at 55. 108 

Muscotah 141. 142 

N. 

Neodesha IS. 24, 131 

Neosho Falls 41> 

Neosho river 1. 19. 211 

Neuchatel 142 

Neuman Ty^ 

Niotaze 2G. 1 4S 

(). 

Oak Mills <;2 

Objects and ])lans of the Tnivorsity Geological Survey. . . . r r, 

Ogden 1 l^ri 

Oil and gas. extent of 24:1 

Oil and gas, geographic extent of 2:ir» 

Oil and gas. geology of 2:!»'i 

Oil and gas, history of development of 2"o2 

Oil and gas in Kansas 2:i2 

Oil and gas, origin of 24X • 

Oil and gas, probable future of. in Kansas 24:*> 

Oil and gas, properties of 241 

Oil and gas. relations of, to anticlinals 2:{9 

Olathe 4s 

Oolite limestone "»4 

Oread limestone GO. wi, 03. r.4. (>:». 70. 71. 103. 114. 13S. 101 

Organization of Vniversity Geological Survey 1 

Origin of oil and gas 213 

Osage City shales Hi4. 22t^ 
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PLATE X. 

FIGURE 1.— The Oswego Well. 

It represents the two Oswego limestones near the surface with 
the heavy Cherokee shales for the next 450 feet or more, in which are 
a number of thin and unimportant limestone beds interstratified 
with the shale, and also ten or more thin seams of coal. At the 
base of the well the Mississippian limestone was reached. 

Scale: Vertical, 1 inch equals 100 feet. 

Record obtained tlirough the kindness of Dr. Newlon, of Oswego, 
Kas. 

^ FIGURE 2.— The Mound Valley Well. 

It will be noticed that near the surface three relatively heavy 
limestone masses occur, below which are the Pleasanton shales and 
other limestones, the lower ones of which correspond well with 
the Oswego limestone, as can be seen by a glance at Plate I. Be- 
low these we find 427 feet of the Cherokee shales without their base 
being reached. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled by K C. Grossman, Joplin, Mo. 
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PLATE TIL 
By M. Z. Kirk; to accompany Chapter IIL 

A Geologic Section alonj^ the Neosho river from the south Hue 
of the state to Council Grove, and along the Cottonwood river from 
Wyckoff to Cedar Grove. 

Scale: Vertical, 1 inch equals 500 feet; horizontal, 1 inch equals 
5 miles. 

The limestones are represented bv the conventional masonry. 
The shales and sandstones are left bare. 

The contours of this section are principally taken from the 
United States Geological Survey Toi)ographic sheets, the part along 
the Cottonwood river being taken from the level of the Atchison, 
Topeka & Santa Fe railway track. 
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PLATE IV. 

By John Bennett; to accompany Chapter IV. 

A (r(H)lopc Section priniipally alonj^ the. Missouri Pacific rail- 
way from the state line east of Fort Scott to Vates Center. 

Scal(»: V(»rtical, 1 inch equals 500 feet; horizontal, 1 inch equals 
5 miles. 

The limestones are re[)r(»sente(l by tin* conventional masonry. 
The* shales and sandstones are left bare. 

The* contours ar(» taken from the Missouri Pacific railwav track 
and fr<mi th<» United Stat(»s (Jeological Survey Topo^j^rajdiic sheets. 



» < 



•*«4 



Li 

-1 



r- V 






."■t 



-< A ,., 



- . . . l' - -■ 



-yfr \ 



0^ 



e 3 J A02 






u 



O.i 



U J 



.[ h.V ^i,i!(;/l !•» • w n»fi ltV)i:4"!'»-*«) vkhi'i.iu r 



PLATE V. 

By John G. Hall; to accompany Chapter V. 

A (leoloj^ic Section principally along the Osage river from the 
east line of the state to Alma. 

Scale: Vertical, 1 inch equals 500 feet; horizontal, 1 inch equals 
5 miles. 

The limestones are rei)resented by the conventional masonry. 
The shales and sandstones are left bare. 

The contours are almost entirely taken from the United States 
(leological Survey Topograjihic sheets. 
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PLATE VL 

By Bennett and Adams; to accompany Chapter VI. 

A Geologic Section along the Kansas river and the Smoky Hill 
river from Kansas City to Abilene. 

Scale: Vertical, 1 inch equals 500 feet; horizontal, 1 inch equals 
5 miles. 

The limestones are represented by the conventional masonry. 
The shales and sandstones are left bare. 

The contours are principally those of the Atchison, Topeka & 
Santa Fe railway, the Chicago, Rock Island & Pacific railway, and 
the Union Pacific railway. 
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PLATE VII. 

By Erasmus Haworth; to accompany Chapter VII. 

A Geologic Section from Coffewille to Lawrence along the line 
of the Atchison, Topeka & Banta Fe railway. 

Scale: Vertical, 1 inch equals 500 feet; horizontal, 1 inch equals 
5 miles. 

The limestones are represented by conventional masonry. The 
shales and sandstones are left bare. 

The contours are those of the railroad track. 
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PLATE Vni. 

By E. B. Knerr; to accompany Chapter VIII. 

A Geologic Section from Atchison to Barnes, along the Central 
Branch of the Missouri Pacific railway. 

Scale: Vertical, 1 inch equals 500 feet; horizontal, 1 inch equals 
5 miles. 

The limestones are represented by conventional masonry. The 
shales and sandstones are left bare. 

Contours are the levels of the- railway track. 
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1»LATE IX. 
By Geo. I. Adams; to accompany Chapter I, 

A Topographic Map showing the elevations in the Flint Dills 
ai*ea, copied from the ' United States Geological Survey Topo- 
graphic sheets. 

Contour interval 250 feet. 

The streams and towns in adjoining territory are given to assist 
the reader in a proper orientation of the Flint Hills. 
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PLATE X. 

FIGURE 1.— The Oswego Well. 

It represents the two Oswego limestones near the surface with 
the heavy Cherokee shales for the next 450 feet or more, in which are 
a number of thin and unimportant limestone beds interstratified 
with the shale, and also ten or more thin seams of coal. At the 
base of the well the Mississippian limestone was reached. 

Scale: Vertical, 1 inch equals 100 feet. 

UiM-oid obtained through the kindness of Dr. Newlon, of Oswego, 
Kas. 

^ FIGURE 2 —The Mound Valley Well. 

It will be noticed that near the surface three relatively heavy 
limestone masses occur, below which are the Pleasanton shales and 
other limestones, the lower ones of which correspond well with 
the Oswego limestone, as can be seen by a glance at Plate I. Be- 
low these we find 427 feet of the Cherokee shales without their base 
being reached. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled by L. C. Crossman, Joplin, Mo. 
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PLATE XL 

FIGURE 1.— The Cherryvale Well. 

This well was made by a diamond drill which produced a two- 
inch core, and consequently the record is believed to be unusually 
accurate, even to the minute details. It will be noticed that the 
limestoi^es above the Cherokee shales (correspond very w-ell with 
those in the Mound Valley well, Figure 2, Plate X, and that the 
Cherokee shales are over 400 feet thick, the Mississippian formation 
being reached at 1,008 feet The well is located in the southern 
suburbs of (^herryvale in the angle between the two lines of the 
Santa Fe railwav. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authority of the city of Cherryvale and record 
copied from city clerk's books, and afterwards verified by a careful 
examination of the well core. 

FIGURE 2.— The Neodesha Well. 

The inter(»sting features of this well are the relatively heavy 
limestones near tiie top, being G8, 80, and 50 feet respectively. The 
depth at which the Mississippian limestone was reached was 1,063 
feet. As the well was drilled with the *^churn-' drill and the sand 
pumj) was used only once in five feet, it is quite probable that thin 
intervening shale Ix^ds exist in the heavy limestones above referred 
to. The Cherokee shales here are ov(»r 425 feet thick. 

Scale: Vertical, 1 inch equals 100 feet. 

Well driUed under authority of (lull'ey & (Jaley, and record 
kindlv furnished bv them. 
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Figure L 
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PLATE XII. 

* V 

FIGURE 1.— The Niotaze Well. 

The most interesting and surprising feature of this well is the 
great thickness of the sandstone, which reaches to a depth of 670 
feet, while the first limestone is reached at a depth of 800 feet. This 
illustrates the existence of the heavy sandstone area lying to the 
west of Independence and reaching almost to the foot of the Flint 
Hills. Although the well is 1,158 feet deep it will be noticed that 
the Cherokee shales were not reached. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authority of (lutfey & Galey, and record 
kindly furnished bv them. 

FIGURE 2— The Fredonia Well. 

beginning n(*ar the surface we have a limestone of 110 feet 
which evidently is the lola limestone, below which we find the Lane 
shales and sandstones nearly 1(>0 feet thick, and then the Erie lime- 
stone aggregating 172 feet. It is quite probable, however, that thin 
shale partings i^xist between the ditt'erent members of the Erie 
limestone system. The Pleasanton shales are here 200 feet thick 
and the Cherokee shales *]27 feet, the Mississippian limestone being 
reacluMi at 1,170 feet. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled und(»r authority of GulTey & (Jaley, and record 
kindly furnished by them. 
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PLATE XI IT. 

FIGURE 1.— The Fall River Well. 

This well is exceedinj»:ly iuterestin^ on account of its great depth 
and being so far west. We find near the surface a shale bed 173 
feet thick, which doubtless is the Lane shales. Helow it we have 
two heavy limestone beds, one 70 and the other 55 feet thick, one 
of which is evidentlyg the? lola limestone. Hut as there is a little 
doubt in the matter neither one has been labeled as such. Below 
530 feet we hav(^ 315 feet reported as solid limestone, but it is ex- 
ceedingly probable thin shale partings intervt»ne. This distance 
undoubtedly represents the Erie limestone. It is particularly in- 
teresting to note that the Cherokee shales here have a thickness 

of nearlv 375 feet. 

«. 

■ Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authoritv of Ouftev & Oalev, and record 
kindly furnished by them. 

FIGURE 2.— The Chanute Well. 

The record of this well was not given in sufficient detail near the 
top to show in just what c(mdition the limestone beds exist. The 
98 feet of limestone and shale and the nearlv 40 feet of shales below 
correspond well with the Erie lim(\stone, and the 140-foot shale bed 
below perhaps represents the Pleasanton shales. The Cherokee 
shales are here over 420 feet thick. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authoritv of (luffev & Oalev, and record 
kindiv furnished bv them. 
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PLATE XIV. 

FIGURE 1.— The Humboldt Well. 

Ill this well we have the Tola limestone unmistakably repre- 
sented, with the Pleasanton shales 187 feet thick, and the Cherokee 
shales penetrated to a distance of 3.*]5 feet without their base being 
reached. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authority of Guffey & Galey, and record 
kindly furnished by them. 

FIGURE 2.— The La Harpe Well. 

This well is interesting on account of its showing the lola lime- 
stone, the Thayer shales, the Erie limestones, the Pleasanton shales, 
and the Cherokee shales, each of which is well represented. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authority of the Palmer Oil Company, and 
record kindly furnished by Mr. Beatty for the company. 
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PLATE XV. 

FIGURE 1.— The lola Well. 

This represents the record of the old Aeers well. As the drill 
used was a diamond drill and a good coic* obtained, it is believed the 
record is unusually trustworthy. It will be noted that in general 
it corresponds very well with the La Harpe well, the main difference 
being a smaller amount of limestone and larger amount of shales. 

Scale: Vertical, 1 inch equals TOO feet. 

FIGURE 2.— The Osage Mission Well. 

This well likewise was made with a diamond drill and a good 
core taken out. Its correspondence with other wells in the vicinity, 
especially the Oswego well. Figure 1, Plate X, will be noted. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authority of the city of Osage Mission, and 
record obtained from the city. 
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PLATE XV. 

Figure 1. Figure 2. 
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PLATE XVI. 

FIGURE 1— The Mapleton Well. 

The main point of interest in this well record is an unusually 
heavy bed of shales below the depth of 240 feet. This corresponds 
with the Pleasanton shales, but it is surprising to find them so thick. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authoi'ity of Gufl'ey & Galey, and record ob- 
tained through their kindness. 

FIGURE 2— The Pleasanton Well. 

This well is interesting on account of its showing the existence 
of the Oswego liinestcme this far north, and the way the Cherokee 
shales maintain their thickness, which is here 442 feet. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled under authority of GutYey & Galey, and record ob- 
tained through their kindness. 
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PLATE XV 11. 

FIGURE 1.— The Paola Well. 

Tills woU n^cord is possibly slijjhtly iiuicciirate alth(mp:h it is 
not known to be so. T\w unc^xpected fenUirt* of it is the groat depth 
at which it represents tlu* surface* of the Mississippian limestone, 
1,{)^S feet, which makes the ('herok(H^ shales nnnsnally thick, giv- 
ing them a thickness of over 740 feet. 

Scale: Vertical, 1 inch equals J 00 feet. 

Record obtained from Paola city public library. 

FIGURE 2.— The Topeka Well. 

This well was made with a diamond drill and an excellent core 
was preserved, so that we may look upon it as being unusually 
accurate in detail. By comparing it with Plate VI one can readily 
see that all of the important limestcmes represented along the Kan- 
sas river below Topeka pass westward and are reached by this well. 
The heavy bed of shales above the lola limestone doubtless cor- 
responds to the Lane shales, but it was thought best not to be too 
positive regarding the various correlations; consequently only those 
of unmistaken identity were correlated, the lola limestone and the 
Cherokee shales. 

Scale: Vertical, 1 inch equals 100 feet. 

Kecord })r(»served and kindly furnished by Colonel Tweeddale, 
of To])eka. 
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PLATE X\ III. 

FIGURE 1.— The Kansas City Well. 

The record of this well was copied from Broadhead, Missoun 
Geological Survey, 1872, l*art II, page 80. As it was made with a 
diamond drill we may assume it is very accurate. It is interesting 
to note here that the Missis'sippian was reached at a depth of 745 
feet and that the Cherokee shales are over 425 feet thick, and the 
Pleasanton shales nearlv 200 feet thick. 

ft. 

Scale: V'ertical, 1 inch equals 100 feet. 

FIGURE 2.— The Doniphan Well. 

This well is interesting on account of its corresponding so well 

with the surface conditicms along the Missouri river above Kansas 

# 

Citv. Bv reference to I*late II it will be seen that there is a close 
corresjwndence between the limestones and shales in this well and 
those outcropping at the various places along the surface below 
Doniphan. 

Scale: Vertical, 1 inch equals 100 feet. 

Drilled under authority of the Doniphan ("oal and Mining Com- 
pany, and record kindly furnished by the c(mipany. 
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PLATE XIX.— The MeFarland Well. 

This is a most interestinjj: and instructive well record, as it is 
located so far to the west and represents so jijreat a depth. Beinf? 
made with a diamond drill which produced a core three inches in 
diameter we may place j^jreat confidence in the record. It should be 
noted first that there is an unusually larfije amount of shale, reach- 
inj:: to a depth of 010 feet. This shows that the various limestones 
of the upi)er portion of the Coal Measures do not extend westward 
as far as otherwis(» one would have thoujj:ht. Below the depth of 
600 feet, however, the different limestones appear in tolerable order, 
none of them beinj^ as heavy as they are to the east. The condi- 
tions to the west along the Kansas river, therefore, are similar to 
those along the soiithern part of the state and beyond the Flint 
Hills, the limestones being replaced by great shale beds, showing 
that the great limestone producing area of the Carboniferous ocean 
was located in the eastern part of the state. It is also an interest- 
ing record, as it throws so much light on the thickness of the Coal 
Measures. If it has been rightly interpretc^d the Ch(»i-okee shales 
were not reached until a depth of 1,8H2 feet was attained. By com- 
paring this with the Topeka well, which shows a thickness of over 
700 feet for the Cherokee shales, one cannot well avoid the con- 
clusion that the base of the Coal Measures here probably is 500 feet 
below the bottom of the well. As the well is known to have started 
about 150 feet below the Cottonwood Falls limestone, it shows tol- 
erably conclusively that the Coal Measun^s are here more than 2,500 
feet thick. 

Scale: Vertical, 1 inch equals 100 feet. 

Well drilled and record furnished by the M. C. Bullock Manu- 
facturing Company, Chicago, 111. 
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PLATE XX.— The Leavenworth Well. 

This well is of considerable interest on account of the light it 
throws upon the thickness of the Cherokee shales, which are here 
over 500 feet thick. The upper part of the drawing representing 
this well is taken from the record of the coal shaft because it was 
thought that it would be more reliable in detail than any of the 
drill records. It should be stated, however, that there was a close 
correspondence betwe(»n the coal shaft record and the drill record of 
the well which was used for the Iowch* part of the drawing. The 
strangest part of this record is 375 feet of hard white sandstone, 
as mentioned in Chapter IL This has been thought, possibly, to be- 
long to the Mississippian limestone and that the flint rock of the 
limestone i)roduced the so-called sand. 

Scale: Vertical, 1 inch equals 100 feet. 
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PLATE XXL— The Anthony Well. 

This well record is reproduced here because it has so important 
a bearing on the westward extension of the Permian along the 
southern part of the state. The well reaches a total depth of 2,385 
feet. It passed through 551 fe(»t of rh(» K<»d Heds <»xi)osed at 
the surfac(*; then iV.)5 feet of blue shales; then 404 feet of the 
salt beKis, reaching the limestone at 1,350 feet. From here to the 
bottom of the well, nearly a thousand feet, we have an unusually 
large amount of limestone, which aggregates ()84 feet to 801 feet of 
shales. One cannot correlate the various limestone beds with cor- 
responding beds in the l*ermian to the east. There can be no 
doubt, however, but that they are the Permian and Upper Coal 
Measure limestones. The heavy blue shale beds and salt beds lying 
above the limestone recall similar conditions, as shown in the Mc- 
Farland well, where the uppermost members of the Tpper Coal 
Measure limestones seem to be wanting. 

S<ale: Vertical, 1 in<h e<|uals KM) feet. 
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PLATE XXI. 
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PLATE XXIL 

This represents a generalized section of the Carboniferous, from 
the Mississippian to the top of the Permian. The total depth given 
is 8,545 feet. In making this estimate it was endeavored to use 
the mean thickness for the vai'ious formations. Had the maximum 
thickness been used it would have aggregated considerable more. 

For further explanation see Chapter IX. 

Scale: Vertical, 1 inch equals 1(H) f(»et. 
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PLATE XXm. 
To accompany Chapter X. 

A mound one mile south of Cherryvale. This represents the 
process of erosion with a thin limestone bed lying above a heavy 
shale bed. The limestone is plainly seen at the top of the mound 
(the Independence limestone), and the perfectly flat top which it 
has is due to the protection of the limestone cap. The bare places 
on the sides of the mound are ])laces where the weathering away 
of the shales is so rapid vegetation cannot get started. 
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PLATE XXIV. 
To accompany Chapter X. 

A portion of the row of iiioniids one mile north of rherryvale. 
Tlie same limestone, the rn(lej)en(lenc(\ ])roteets the summit of this 
mound which was shown in IMate XXI. Here the dejrnulation of 
the shales on the south side of mound is mcu'e rapid than that in 
Plate XXI, and there is corrc^spondinj^ly a larj^er portion of the 
hillside void of vegetation. 



PLATE XXV. 
To accompany Chapter X. 

A row of mounds be^nninji: about three luiles south of Cherry- 
vale and extending; towards ColTeyville four or tiv(» miles farther. 
The summits of these mounds are protected by the Independence 
limestone, the same one shown in IMates XXI and XX 11. Xear the 
left end of the tip:ure one of the mounds is seen ]>lainly standing 
out by itself, from which the j>rote<*ting limestone is entirely re- 
moved, and which is ah*(»ady beginning to assume the rounded form 
produced by the weathering of soft materials. 



PLATE XXVT. 

To accompany Chapter X. 

The southern porfion of the bliitls west of Ph^asaiiton. Here 
we have an escarpment ])ro(lnced by the confbined influcMiec* of the 
heavy IMeasanton shah^s and the bed of Erie liniest(nie Ivinii: above* 
which serves as a ]n*otcH-tion the same as that shown in Phites XXI 
and XXIII. 



PLATE XXVIl. 
To accompany Chapter X. 

A scone on the Kansns river, neai* LawnMUM^ 
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PLATE XXVIII. 
To accompany Chapter X. 

Hlui* Mount, Mnnluittjin. Tliis vepn^sents t\w eastern extremity 
of the hi^h (»s(ar])nient jnst north of the city of Manhattan. The 
lilne river j)ass(»s to the* ri^i^ht, and the Kansas river on the south. 
The hijj:h bluff is protcM-ted by the Cottonwood Falls limestone, as 
shown at the summit in the left hand j)art of tin* figure. This pro- 
tection has becMi w(uii away near the middle of tlie figure and the 
valley has bej»un forming, which in tin* course of time will cause 
the rijjjht hand jjortion to become an isolated mound. 
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PLATE XXIX. 

To accompany Chapter X. 

A 8<-eiie aloiiji: tlu* north bank of tli(» Kansas river, about six 
miles west of Manhattan. 



PLATE XXX. 
To accompany Chapter X. 

Kepuhlicaii river bliiH' at Wak(*li(*ld. This shows the IVrniiaii 
limestone on the l)lntT on th(^ west bank of tlie Hc^pnhliean river 
abont one-fonrth mile above the villa^(* of Wakelield. The strati- 
fication of the heavv limeston<* beds is well reju-esented and the snr- 
fac(» soil and j^ravel above. 



